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PREFACE. 


Land-Surtetino  is  perhaps  the  oldest  of  the  mathematical  arts.  Indeed, 
Geometry  itself,  as  its  name — *' Land-measuring" — implies,  is  said  to 
have  arisen  from  the  efforts  of  the  Egyptian  sages  to  recover  and  to  fix 
the  land-marks  annually  swept  away  by  the  inundations  of  the  NQe. 
The  art  is  aim  one  of  the  most  important  at  the  present  day,  as  deter- 
mining the  title  to  land,  the  foundation  of  the  whole  wealth  of  the 
world.  It  is  besides  one  of  the  most  useful  as  a  study,  from  its 
striking  exemplifications  of  the  practical  bearings  of  abstract  mathematics. 
But,  strangely  enough,  Surveying  has  never  yet  been  reduced  to  a  system- 
atic  and  symmetric  whole.  To  effect  this,  by  basing  the  art  on  a  few 
rtimple  principle&i  and  tracing  them  out  into  their  complicated  ramifications 
and  varied  applications  Qwhich  extend  from  the  measurement  of  "  a  mow- 
ing lot "  to  that  of  the  Heavens),  has  been  the  earnest  endeavor  of  the- 
present  writer. 

The  work,  in  its  inception,  grew  out  of  the  author's  own  needs.  Teach- 
ing Surveying,  as  preliminary  to  a  course  of  Oivil  Engineering,  he 
found  none  of  the  books  in  use  (though  very  excellent  in  many  respects) 
suited  to  his  purpose.  He  was  therefore  compelled  to  teach  the  subject 
by  ft  combination  of  familiar  lectures  on  its  principles  and  exemplifica- 
tions of  its  practice.  His  notes  continually  swelling  in  bulk,  gradually 
became  systematized  in  nearly  their  present  form,  and  in  1861  he  printed 
a  synopsis  of  them  for  the  use  of  his  classes.  His  system  has  thuti 
Dcen  fuUy  tested,  and  the  present  volume  is  the  result. 


IT  LAND-SVSTETING. 

A  doable  object  has  been  kept  in  view  in  its  preparation;  viz.  to 
prodnce  a  very  plain  introdnotion  to  the  subject,  easy  to  be  mastered  by 
the  young  scholar  or  the  practical  man  of  little  previous  acquirement 
the  only  pre-requisites  being  arithmetic  and  a  little  geometry ;  and  at  the 
same  time  to  make  the  instruction  of  such  a  character  as  to  lay  a  founda- 
tion broad  enough  and  deep  enough  for  the  most  complete  superstructure 
which  the  professional  student  may  subsequently  wish  to  raise  upon  it 

For  the  convenience  of  tnose  wishing  to  make  a  hasty  examination  of 
the  book,  a  summary  of  some  of  its  leading  points  and  most  peculiar 
filatures  will  here  be  given. 

I.  AU  the  operations  of  Surveying  are  deduced  from  only  Jive  iimph 
principles.  These  principles  are  enunciated  and  illustrated  in  Chapter  1, 
of  Part  I.  They  will  be  at  once  recognized  by  the  Qeometer  as  familiar 
systems  of  "  Co-ordinates ;"  but  they  wore  not  here  arbitrarily  assumed  in 
advance.  They  were  arrived  at  most  practically  by  analysing  all  the 
numerous  and  incongruous  methods  and  contrivances  employed  in  Sur- 
veying, and  rejecting,  one  after  another,  all  extraneous  and  non-essential 
portions,  thus  reducing  down  the  operations,  one  by  ono  and  step  by 
step,  to  more  and  mdre  general  and  comprehensive  li^ws,  till  at  last, 
by  continual  elimination,  they  were  unexpectedly  resolved  into  these 
few  and  simple  principles ;  upon  which  it  is  here  attempted  to  build  up 
a  symmetrical  system. 

n.  The  three  operations  common  to  dU  kinds  of  Land-surveying,  viz. 
Making  the  Measurements,  Drawing  the  Maps,  and  Calculating  the 
Contents,  are  fully  examined  in  advance,  in  Part  I,  Chapters  2,  3,  4; 
so  that  when  the  various  methods  of  Surveying  •ai'e  subsequently  taken 
up,  only  the  few  new  points  which  are  peculiar  to  each,  require  to  be 
explained. 

Each  kind  of  Surveying,  founded  on  one  of  the  five  fundamental  prin- 
eiples,  is  then  explained,  in  its  turn,  in  the  successive  Parts,  and  each 
earefuUy  kept  distinct  from  the  rest.  ^ 
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m.  A  complete  system  of  Surveying  with  only  a  chain,  a  rope,  ot 
any  sabstitnte,  (invaluable  to  fanners  having  no  other  instruments,)  is 
very  fuUy  developed  in  Part  11. 

lY.  The  various  Problems  in  Chapter  6,  of  Part  II,  will  be  found 
to  constitute  a  course  of  practical  Geometry  on  the  ground.  As  some 
of  their  demonstrations  involve  the  "Theoiy  of  Transversals,  etc,"  (a 
beautiful  supplement  to  the  ordinary  Geometry),  a  carefully  digested 
summary  of  its  principal  Theorems  is  here  given,  for  the  first  time  in 
English.     It  will  be  found  in  Appendix  B. 

Y.  In  OompasB  Surveying,  Part  m,  the  Field  work,  in  Chapter  8, 
IS  adapted  to  our  American  practice ;  some  new  modes  of  platting  bear* 
ings  are  given  in  Chapter  4,  and  in  Chapter  6,  the  rectangular  method 
of  calculatbg  contents  is  much  simplified. 

YI.  The  efl^te  of  the  continual  change  in  the  Yariauon  of  the  mag- 
netic needle  upon  the  surveys  of  old  lines,  the  difficulties  cause<I  by  it. 
and  the  means  of  remedying  them,  are  treated  of  with  great  minuteness 
of  practical  detail.  A  new  table  has  been  calculated  for  the  time  of 
''greatest  Azimuth,"  those  in  common  use  being  the  same  as  the  one 
prepared  by  Gnmmere  in  l£il4,  and  consequently  greatly  in  error  now 
firom  the  change  of  place  of  the  North  Star  since  that  date. 

Yn.  In  Part  lY,  in  Chapter  1,  the  Transit  and  Theodolite  are 
expbdned  in  every  poini|;  in  Chapter  2,  all  forms  of  Yemiers  are  shewn 
by  numerous  engravings;  and  in  Chapter  3,  the  Adjustments  are 
elucidated  by  some  novel  modes  of  illustration. 

VIII.  In  Part  YII,  will  be  found  all  the  best  methods  of  overcoming 
obstacles  to  sight  and  to  measurement  in  angular  Surveying. 

IX.  Part  XI  contains  a  very  complete  and  systematic  collection  of 
the  principal  problems  in  the  Division  of  Land. 

X.  The  Methods  of  Surveying  the  Public  Lands  of  the  United  Stateb, 
of  marking  lines  and  comers,  &o.,  are  ^ven  in  Part  XII,  from  official 
documents,  with  great  minuteness;  since  the  subject  interests  so  many 
land-owners  residing  in  the  Eastern  as  well  as  in  the  Western  States* 
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XI.  The  Tables  comprise  a  Traverse  Talle,  compnied  for  this  Yolume, 
and  giving  increased  accuracy  in  one*fifteenth  of  the  nsnal  space;  a 
TaUe  of  Chorda,  appearing  for  the  first  time  in  English,  and  supplying 
the  most  accurate  method  of  platting  angles;  and  a  Table  of  natural 
^ines  and  Tangents.  The  usual  Logarithmic  Tables  are  also  giyeu 
The  tables  are  printed  on  tinted  paper,  on  the  eye-saving  principle  of 
Babbage. 

XII.  The  great  number  of  engraved  illnstratoonB,  most  of  them  orig> 
inal,  is  a  peculiar  feature  of  this  volume,  suggested  by  the  experience  of 
the  author  that  one  diagram  is  worth  a  page  of  print  in  ^ving  oleamest 
and  definiteness  to  the  otherwise  vague  conceptions  of  a  student. 

XIII.  The  practical  details,  and  hints  to  the  young  Surveyor,  have 
been  made  exceedingly  full  by  a  thorough  examination  of  more  than  fifty 
works  on  the  subject,  by  English,  French  and  German  writers,  so  as  to 
make  it  certun  that  nothing  which  could  be  usoful  had  been  overlooked. 
It  would  be  impossible  to  credit  each  item  (though  this  has  been  most 
scrupulously  done  in  the  few  cases  in  which  an  American  writer  has  been 
referred  to),  but  the  principal  names  are  these:  Adams,  Ainslie,  Baker, 
Begat,  Belcher,  Bourgeois,  Bourns,  Brees,  Bruff,  Burr,  Castle,  Franr 
coeur,  Frome,  Galbraith,  Gibson,  Guy,  Hogard,  Jackson,  Lamotte, 
Lefevre,  Mascheroni,  Narrien,  Nesbitt,  Pearson,  Puille,  Puissant,  Beg- 
nault,  Richard,  Serret,  Simms,  Stevenson,  Weisbach,  Williams. 

Should  any  important  error,  either  of  printer  or  author,  be  discovered 
(as  is  very  possible  in  a  work  of  so  much  detail,  despite  the  great  care  - 
used)  the  writer  would  be  much  obliged  by  its  prompt  communication. 

The  pre9(>nt  volume  will  be  followed  by  another  on  Levelling  and 
HiQHEB  S'jRVEYiNG :  embracing  Levelling  (with  Spirit-Level,  Theodo- 
lite, Barometer,  etc.) ;  its  applications  in  Topography  or  Hill-drawing, 
in  Mining  Surveys,  etc. ;  the  Sextant,  and  other  reflecting  instruments; 
Maritime  Surveying ;  and  Geodesy,  with  its  practical  Astronomy. 
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PART  L 

GENERAL  PRINCIPLES 
FUNDAMENTAL    OPERATIONS. 

CHAPTER  I. 

DEFINITIONS  AND  METHODS. 

(1)  SuBVETiNa  is  the  art  of  making  sucli  measurements  as  wJl 
determine  the  relative  positions  of  any  points  on  the  surface  of  the 
earth ;  so  that  a  Map  of  any  portion  of  that  surface  may  be  drawn, 
and  its  dmtent  calculated. 

(2)  The  position  of  a  point  is  said  to  be  determined^  when  it  is 
known  how  far  that  point  is  from  one  or  more  ^yen  points,  and  in 
what  direction  there-&om ;  or  how  far  it  is  in  front  of  them  or 
behind  them,  and  how  far  to  their  right  or  to  their  left,  &c ;  so 
that  the  -place  of  the  first  point,  if  lost,  could  be  again  found  by 
repeating  these  measurements  in  the  contrary  direction. 

The  ^^  points"  which  are  to  be  determined  in  Surveymg,  are  not 
&e  mathematical  points  treated  of  in  Geometry ;  but  the  comers 
of  fences,  boundary  stones,  trees,  and  the  like,  which  are  mere 
points  in  comparison  with  the  extensive  surfaces  and  areas  which 
they  are  the  means  of  determining.  In  strictness,  their  centres 
should  be  ijigarded  as  the  pomts  alluded  to. 
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(3)  A  straight  Idne  is  <<  determined,"  that  is,  has  its  length 
and  its  position  known  and  fixed,  when  the  points  at  its  extrem- 
ities are  determmed ;  and  a  plane  Surface  has  its  form  and  dimen- 
sions determmed,  when  the  lines  which  bound  it  are  determined. 
Consequentij,  the  determination  of  the  relative  positions  of  paints 
is  all  that  is  necessary  for  the  principal  objects  of  Surveying; 
which  are  to  make  a  map  of  any  surface,  such  as  a  field,  fiirm, 
state,  &c.,  and  to  calculate  its  content  in  square  feet,  acres,  or 
square  miles.  The  former  is  an  application  of  Drafting,  the  latter 
of  Mensuration. 

(4)  The  position  of  a  point  may  be  determined  by  a  variety  of 
methods.  Those  most  frequently  employed  m  Surveying,  are  the 
following ;  all  the  points  being  supposed  to  be  in  the  same  plane. 

(5)  First  Method.  By  meamring  the  distances  from  the  re- 
quired  point  to  two  given  points. 

Thus,  in  Mg.  1,  tiie  pomt  S  is  «  deter-  ^'^'^'    ^ 

mined,"  if  it  is  known  to  be  one  inch  ^^^  \ 

from  A,  and  half  an  inch  from  B :  for,  ^^^"  \ 

its  place,  if  lost,  could  be  found  by  de-      a-^ ^B 

scribing  two  arcs  of  circles,  from  A  and  B  as  centres,  and  with  the 
^ven  distances  as  radii.  The  required  pomt  would  be  at  the 
intersection  of  these  arcs. 

In  applying  tins  principle  in  surveying,  S  may  represent  any 
station,  such  as  a  comer  of  a  field,  an  angle  of  a  fence,  a  tree,  a 
house,  &c.  K  then  one  comer  of  a  field  be  100  feet  from  a 
second  comer,  and  50  feet  from  a  third,  the  place  of  the  first  cor- 
ner is  known  and  determined  with  reference  to  the  other  two. 

There  will  be  two  points  fulfilling  this  condition,  one  on  each  side 
of  the  ^ven  line,  but  it  will  always  be  known  which  of  them  is  the 
one  desired. 

In  Q-eographtfy  this  principle  is  employed  to  indicate  the  posi- 
tion of  a  town ;  as  when  we  say  that  Bufialo  is  distant  (m  a  straight 
line)  295  miles  from  New-York,  and  390  from  Cmcinnati,  and 
thus  convey  to  a  stranger  acquainted  with  only  the  last  two  placei 
a  correct  idea  of  the  position  of  the  first. 
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In  Analytical  O-eometn/^  the  lines  AS  and  BS  are  known  as 
^*Foeal  Co-ordinates;^^  the  general  name  "co-ordinates"  being 
applied  to  the  lines  or  an^es  which  determine  the  podtion  of  a 
pcunt. 

(S)  Second  llIetkod»  By  measuring  the  perpendicular  diS' 
tanee  from  the  required  point  to  a  given  UnCy  and  the  distance 
fhence  along  the  line  to  a  given  point. 

Thus,  in  Kg.  2,  if  the  perpendicular  dis-  Fig.  2. 

tance  SO  be  half  an  inch,  and  GA  be  one  ^ 

inch,  the  point  S  is  "determined":  for,  its 
place  could  be  again  found  b  j  measuring  one 
inch  from  A  to  C,  and  half  an  inch  from  C,    X — 
at  right  angles  to  AC,  which  would  fix  the  point  S. 

The  Public  Lands  of  the  United  States  are  laid  out  by  tliis 
method,  as  will  be  explained  in  Part  XII. 

In  Q-eography,  this  principle  is  employed  under  the  name  of 
Latitude  and  Longitude. 

Thus,  Philadelphia  is  one  degree  and  fifty-two  mmutes  of  lon^ 
tade  east  of  Washington,  and  one  degree  and  three  minutes  of  lati- 
tude north  of  it. 

In  Analytical  Geometry,  the  lines  AC  and  CS  are  known  as 
^^Rectangular  Co-ordinates^  The  point  is  there  regarded  as 
determined  by  the  intersection  of  two  lines,  drawn  parallel  to  two 
fixed  lines,  or  "  JLre«,"  and  at  a  given  distance  from  them.  These 
Azes^  in  the  present  figure,  would  be  the  line  AC,  and  another 
lhie,perpendicular  to  it  and  passmg  through  A,  as  the  origin. 

(7)  Third  method*  By  measuring  the  angle  between  a  given 
line  and  a  line  drawn  from  any  given  point  of  it  to  the  required 
point;  and  also  the  length  of  this  latter  line. 

Thus,  in  Rg.  3,  if  we  know  the  angle  pjg.  3, 

BAS  to  be  a  third  of  a  right  angle,  and 
AS  to  be*one  inch,  the  pomt  S  is  determin- 
ed ;  for,  its  place  could  be  found  by  drawing 
from  A,  a  line  makmg  the  ^ven  angle  with  A^ 
AB,  and  measuring  on  it  the  ^ven  distance. 
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In  applying  this  principle  in  surveying,  S,  as  before,  may  reproi 
Bent  any  station,  and  the  line  AB  may  be  a  fence,  or  any  other 
real  or  imaginary  line. 

In  ^'  Compass  Surveying,"  it  is  a  north  and  south  line,  the  direc- 
tion of  which  is  given  by  the  magnetic  needle  of  the  compass. 

In  Q-eography^  this  principle  is  employed  to  determine  the  rela- 
tive positions  of  places,  by  ^'  Bearings  and  distances" ;  as  when  we 
say  tiiat  San  Francisco  is  1750  miles  nearly  due  west  firom  St.  Louis ; 
the  word  "  west"  indicating  the  direction,  or  angle  which  the  line 
joining  the  two.  places  makes  with  a  north  and  south  line,  and 
the  number  of  miles  giving  the  length  of  that  line. 

In  Analytical  Q-eometryy  the  line  AS,  and  the  angle  BAS,  are 
*  called  "PoZar  OchorcUnates.** 

(8)  Fourth  Method.  By  measuring  the  angles  made  tviih  a 
given  line  by  two  other  lines  starting  from  given  points  vpon  ft, 
and  passing  through  the  required  point. 

Thus,  in  Kg.  4,  the  point  S  is  deter-  Fig.  4. 

mined  by  being  in  the  intersection  of  the 
two  lines  AS  and  BS,  which  make  re- 
spectively angles  of  a  half  and  of  a  third 
of  a  right  angle  with  the  line  AB,  which 
is  one  inch  long ;  for,  the  place  of  the  point  could  be  found,  if  lost, 
by  drawing  firom  A  and  B  lines  making  with  AB  the  known  angles. 

In  Q-eography,  we  might  thus  fix  the  position  of  St.  Louis,  by 
saying  it  lay  nearly  due  north  firom  New-Orleans,  and  due  west 
from  Washington. 

In  Analytical  Geometry ,  these  two  angles  would  be  called 
•  ^^  Angular  Co-ordinates.^* 


(9)  In  Rg.  5,  are  shown  together  all 
the  measurements  necessary  for  determin- 
ing the  same  point  S,  by  each  of  the  four 
preceding  metiiods.  In  the  First  Me- 
thod, we  measure  the  distances  AS  and 
BS ;  in  the  Second  Method,  the  distances  AG  and  CS,  the  latter 
at  right  angles  to  the  former ;  in  the  Third  Method,  the  distance 
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AS,  and  the  angle  SAB ;  and  in  the  Fourth  Method,  the  angles 
SAB  and  SBA.  In  all  these  methods  the  point  is  reallj  deter- 
xnined  bj  th«  intersection  of  two  lines,  either  straight  lines  or 
arcs  of  circles.  Thus,  in  the  First  Method,  it  is  determined  by 
the  intersection  of  two  circles  ;  in  the  Second,  by  the  intersection 
of  two  straight  lines ;  in  the  Third,  by  the  intersection  of  a  straight 
line  and  a  circle ;  and  in  the  Fourth,  by  the  intersection  of  two 
straight  lines. 

(10)  Fifth  Method.  By  measuring  the  angles  made  tviih  each 
other  by  three  lines  of  sight  passing  from  the  required  point  to 
three  points  whose  positions  are  known. 

Thus,  in  Fig.  6,  the  pomt  S  is  deter- 
mmed  by  the  angles,  ASB  and  BSC, 
made  by  the  three  lines  SA,  SB  and 
SC.  \ 

Geographically,  the  position  of  Chi- 
cago would   be  determined  by  three  ^    . 
strjdght  lines  passmg  from  it  to  Wash-                      "^^^SZT 
ington,  Cincinnati,  and  Mobile,  and  mak^  ^  ^ 
ing  known  angles  with  each  other ;  that  of  tiie  first  and  second 
lines  being  about  one-third,  and  that  of  the  second  and  third  lines, 
about  one-half  of  a  right  angle. 

From  the  iJiree  lines  employed,  this  may  be  named  the  Method 
of  TrUinear  co-ordinates. 


(11)  The  position  of  a  point  is  sometimes  determined  by  the 
intersection  of  two  lines,  which  are  themselves  determined  by  their 
extremities  being  pven.     Thus,  in  Fig.  7,  F'g-  ''• 

the  point  S  is  determined  by  its  being  sit- 
uated in  the  mtersection  of  AB  and  CD. 
This  method  is  sometimes  employed  to  fix 
the  position  of  a  Station  on  a  Rail-Road 
Ene,  &c.,  when  it  occurs  in  a  place  where 
a  stake  cannot  be  driven,  such  as  in  a  pond ;  and  in  a  few  other 
casee  ;  but  is  not  used  frequentiy  enough  to  require  that  it  should 
be  called  a  sixth  principle  of  Surveying. 
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(12)  These  fire  methods  of  determining  the  positions  of  points, 
produce  five  corresponding  systems  of  Sunrejing,  which  may  be 
named  as  follows :  • 


I.  DIAGONAL  SURVEYING. 

n.  PERPENDICULAR  SURVEYING, 
m.  POLAR  SURVEYING 
IV.  TRLANGULAR  SURVEYING. 

V.  TRHJNEAR  SURVEYING. 

(18)  The  above  division  of  Soryeying  has  been  made  in  haiv 
mony  with  the  principles  involved  and  the  methods  employed. 

The  subject  is,  however,  sometimes  divided  with  reference  to  the 
in$tnmient8  employed ;  as  the.  chain,  either  alone  or  with  cross- 
staff;  the  compass;  the  transit  or  theodolite;  the  sextant;  ihe 
plane  table,  &c. 

(14)    Surveying  may  also  be  divided  according  to  its  objhcU. 

In  Land  Surveying,  the  content,  in  acres,  &c.,  of  the  tract  sur- 
veyed, is  usually  the  principal  object  of  the  survey.  A  map, 
showing  the  shape  of  the  property,  may  also  be  required.  Certain 
signs  on  it  may  indicate  the  different  kinds  of  culture,  &c.  This  ' 
land  may  also  be  required  to  be  divided  up  in  certain  proportions ; 
and  the  lines  of  division  may  also  be  required  to  be  set  out  on  the 
ground.  One  or  all  of  these  objects  may  be  demanded  in  Land 
Surveying. 

In  Topographical  Surveymg,  the  measurement  and  graphical 
representation  of  the  inequalities  of  the  ground,  or  its  "  relief,"  i.  e, 
its  hills  and  hollows,  as  determined  by  the  art  of  '^  Levelling,'^  is 
the  leading  object. 

In  Maritime  or  Hydrographical  Surveying,  the  positions  of 
rocks,  shoals  and  channels  are  the  chief  subjects  of  examination. 

In  MxTiing  Surveying,  the  directions  and  dimensions  of  the  sub- 
terranean passages  of  mines  are  to  be  determmed. 
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(15)  Suryejing  may  also  be  divided  accordiQg  to  iihe  esOcfiKt  of 
the  district  suryejed,  into  Plane  and  Q-eodme.  Geodesy  takes 
into  account  the  curvatoFe  of  the  earth,  and  employs  Spherical 
Trigonometry.  Plane  Siureymg  disregards  this  curvature,  as  a 
needless  refinement  except  in  very  extensive  surveys,  such  as  those 
of  a  State,  and  conidders  the  surface  of  the  earth  as  plane,  .which 
may  safely  be  done  in  surveys  of  moderate  extent. 

(16)  Land  Surveying  is  the  principal  subject  of  this  volume ; 
the  surface  surveyed  being  regarded  as  plane;  and  each  of  the 
five  Methods  being  in  turn  employed.  For  the  purposes  of  instmo- 
tion,  the  subject  will  be  best  divided,  partly  with  reference  to  the 
Methods  employed,  and  partly  to  the  Instruments  used.  Accord- 
ingly, the  MrBt  and  Second  Methods  (Diagonal  and  Perpendic- 
ular Surveying)  will  be  treated  of  under  the  title  "  Chain  Survey- 
ing," in  Part  II.  The  Third  Method  (Polar  Surveying)  will  be 
explained  under  the  titles  "  Compass  Surveying,"  Part  lH,  and 
«  Transit  and  Theodolite  Surveying,"  Part  IV.  The  Fourth  and 
Fifth  Methods  will  be  found  under  their  own  names  of  ''  Triangu- 
lar Surveying,"  and  "  Trilinear  Suftreying,"  in  Parts  V  and  VI. 

(17)  In  all  the  methods  of  Land  Surveying,  there  are  three 
stages  of  operation : 

1^  Measuring  certsun  Imes  and  angles,  and  recording  them ; 
2^  Drawing  them  on  paper  to  some  suitable  scale ; 
8^  Calculating  the  content  of  the  surface  surveyed. 
The  three  following  chapters  will  treat  of  each  of  these  topics  in 
their  turn. 
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CHAPTER  IL 

MAKDH}  THE  MEASOEEHENTS. 

(18)  Thb  Mea9urementa  which  are  required  in  Surrejmg,  may 
be  of  lines  or  of  angles,  or  of  both  ;*  according  to  the  Method  em- 
ployed ,  Each  will  be  successively  considered. 

MEASURING  STRAIGHT  LINES. 

(19)  The  Imes,  ordistaoces,  which  are  to  be  measured,  may  be 
either  actual  or  casual. 

Actual  lines  are  such  as  really  exist  on  the  surface  of  the  land 
to  be  snryeyed,  either  bounding  it,  or  crossmg  it ;  such  as  fences, 
difcches,  roads,  streams,  &c. 

Vimdl  Knes  are  imaginary  lines  of  sight,  either  temporarily 
measured  on  the  ground,  such  as  those  joining  opposite  comers  dt 
a  field;  or  simply  iudicated  by  stakes  at  their  extremities  or  other- 
wise.   If  long,  they  are  **  ranged  out "  by  methods  to  be  pven. 

Lines  are  usually  measured  with  chains,  tapes  or  rods,  di- 
vided into  yards,  feet,  links,  or  some  other  unit  of  measurement 

(20)  fivnter's  Chain*  This  is  the  measure  most  commonly 
used  in  Land  surveying.  It  is  66  feet,  or  4  rods  long.*  Eighty 
such  chains  make  one  mQe. 

Fig  8. 

(^♦■^■B     ■      ■,    ♦■■     ■     ya,     M     ■     ■■■      n      I      I,    a      g      a     ,      m     w,,,^^^ 

^*  •       m    >m«m,.m,    m     m      y       ■       ■       ■       ■      m      m      m      ■       ■       g       ■      ■       m     ^^ 


»-^ 


> 


It  IS  composed  of  one  hundred  pieces  of  iron  wire,  or  links,  each 
bent  at  the  end  into  a  ring,  and  connected  with  the  ring  at  the  end 
of  the  next  piece  by  another  ring.  Sometimes  two  or  three  rings 
are  placed  between  the  links.     The  chain  is  then  less  liable  to 

*  This  length  wai  chosen  (by  Mr.  Edward  Gnnter)  becaase  10  iqaare  chain* 
of  66  feet  make  one  acre,  (as  will  be  shown  in  Chapter  IV,)  and  the  compataticit 
of  areas  is  tfaas  greatly  facilitated.  For  other  Surveying  purposes,  particularly 
for  Bail-road  work,  a  chain  of  100  feet  is  preferable.  On  the  U. uteri  Stati'M 
Coast  Survey,  the  unit  of  measurement  (which  at  some  future  time  will  be  the 
Bmversal  one)  is  the  French  Metre^  equal  to  3.281  feet,  nearly. 
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twist  and  get  entangled,  or  ^^  kinked."  Two  or  more  swivels  are 
also  inserted  in  the  chain,  so  that  it  may  turn  around  without  twist- 
ing. Eyeiy  tenth  link  is  marked  by  a  pece  of  brass,  having  one, 
t?ro,  three,  or  four  points,  corresponding  to  the  number  of  tens 
which  it  marks,  counting  fix>m  the  nearest  end  of  the  chain.*  The 
middle  or  fiftieth  link  is  marked  by  a  round  piece  of  brass. 

The  hundredth  part  of  a  chain  is  called  a  link.t  The  great 
advantage  of  this  is,  that  since  links  are  decimal  parts  of  a  chain, 
fiiey  may  be  so  written  down,  6  chains  and  43  links  being  5.43 
ohaiDS,  and  all  the  calcuktions  respecting  chains  and  links  can  then 
be  perfi>rmed  by  the  common  rules  of  decimal  Arithmetic.  Each 
link  is  7.92  inches  long,  being  =  66  X  12  -^  100. 

The  following  Table  will  be  found  convenient: 


CHAINS  INTO  K 

GET. 

FE] 

ST  INTO  LIU 

■KS. 

OHAnrs. 

VBBt. 

CHAINS. 

FEET. 

UNKB. 

FEET. 

LINES. 

0.01 

0.66 

1.00 

66. 

0.10 

0.15 

10. 

15.2 

0.02 

1.82 

2. 

182. 

0.20 

0.80 

15. 

22.7 

0.03 

1.98 

8. 

198. 

0.25 

0.88 

20. 

30.3 

0.04 

2.64 

4. 

264. 

0.80 

0.46 

25. 

37.9 

0.05 

8.80 

5. 

830. 

0.40 

0.60 

80. 

45.4 

0.06 

8.96 

6. 

896. 

0.50 

0.76 

38. 

60.0 

0.07 

4.62 

7. 

462. 

0.60 

0.91 

85. 

53.0 

0.08 

5.28 

8. 

528. 

0.70 

1.06 

40. 

60.6 

0.09 

5.94 

9. 

594. 

0.75 

1.13 

45. 

68.2 

0.10 

6.60 

10. 

660. 

0.80 
0.90 

1.21 
1.86 

60. 
65. 

75.8 
83.3 

0.20 

13.20 

20. 

1820. 

1.00 

1.52 

60. 

90.9 

0.80 

19.80 

80. 

1980. 

2. 

8.0 

65. 

98.6 

0.40 

26.40 

40. 

2640. 

3. 

4.5 

70. 

106.1 

0.50 

83.00 

50. 

8800. 

4. 

6.1 

75. 

113.6 

0.60 

39.60 

60. 

8960. 

5. 

7.6 

80. 

121.2 

0.70 

46.20 

70. 

4620., 

6. 

9.1 

85. 

128.8 

0.80 

52.80 

80. 

5280. 

7. 

10.6 

90. 

136.4 

0.90 

59.40 

90. 

5940. 

8. 

12.1 

95. 

143.9 

1.00 

66.00 

100. 

6600. 

9. 

13.6 

100. 

161.5 

•  To  prevent  the  very  common  mistake,  of  calling  forty,  eixty ;  or  thirty,  seventy; 
it  has  been  saggested  to  make  the  11th,  21st,  31st  and  41st  links  of  bnuif  which 
would  at  once  diow  on  which  side  of  the  middle  of  the  chain  was  the  doubtful 
mark.    This  would  be  particularly  usefol  in  Mining  Surveying. 

t  This  most  not  be  confounded  with  the  pieces  of  wire  which  have  the  same 
name,  since  one  of  them  is  Sorter  than  the  *'  link"  used  in  calculation,  by  half  a 
ling,  or  moroi  according  to  the  way  in  which  the  chain  is  made. 
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To  riddace  links  to  feet,  subtract  from  the  umnber  of  IidIeb  as 
many  umti  as  it  contama  hundreds ;  multiplj  the  remainder  by  2 
and  divide  by  8. 

To  reduce  feet  to  links,  add  to  the  ^ven  number  half  of  itself^ 
and  add  one  for  each  hundred  (more  exactly,  for  each  ninety-nine) 
in  the  sum. 

The  chain  is  liable  to  be  lengthened  by  its  risLgs  being  pulled 
open,  and  to  be  shortened  by  its  liidm  being  bent.  It  should  there- 
fore be  frequently  tested  by  a  carefully-measured  length  of  66  feet, 
set  out  by  a  standard  measure  on  a  flat  surface,  such  as  the  t(q[> 
of  a  wall,  or  on  smooth  level  ground  between  two  stakes,  their 
centres  being  marked  by  small  nails.  It  may  be  left  a  fitde  longer 
than  the  true  length,  since  it  can  seldom  be  stretched  so  as  to  be 
perfectly  horizontal  and  not  hang  in  a  curve,  or  be  drawn  out  in  a 
perfectly  straight  line.*  Distances  measured  with  a  perfectly 
accurate  chain  will  always  and  unavoidably  be  recorded  as  longer 
than  they  really  are.  To  ensure  the  chain  being  always  strained 
with  the  same  force,  a  spring,  like  that  of  a  spring-balance, 
is  sometimes  placed  between  one  handle  and  the  rest  of  the 
chain. 

K  a  line  has  been  measured  with  an  incorrect  chain,  the  true 
length  of  the  line  will  be  obtained  by  multiplying  die  number  of 
chains  and  links  in  the  measured  distance  by  100,  and  dividing  by 
the  length  of  the  standard  distance,  as  giveti  by  measurement  of 
it  with  the  incorrect  chain.  The  proportion  here  employed  is  this : 
A»  the  length  of  the  standard  given  by  the  incorrect  chain  1%  to 
V  tibe  true  length  of  the  standard.  So  is  the  length  of  the  line  g^ven 
by  the  measurement  2b  the  true  length.  Thus,  suppose  that  a 
fine  has  been  measured  with  a  certain  chm,  and  found  by  it  to  be 
ten  chains  long,  and  that  the  chain  is  afterwards  found  to  have  been 
so  stretched  that  the  standard  distance,  measured  by  it,  appears  to 
be  only  99  links  long.  The  measured  line  is  therefore  longer 
than  it  had  been  thought  to  be,  and  its  true  length  is  obtained 
by  multiplying  ten  by  100,  and  dividing  by  99. 

•  The  chain  uied  by  the  Government  Sarveyon  of  France,  which  is  10  Metret» 
or  aboat  half  a  Gauter'g  chain  in  length,  is  made  from  one-fifth  to  two>fifths  of  an 
inch  longer  than  the  standard.  An  inaccuracy  of  one  five  hnndredth  of  its  length 
'■■  lj|  inches  on  aQonter's  chain)  is  the  utmost  allowed  nut  to  vitiate  the  ■orvev 
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(21)  Fills*  Ten  iron  pins  or  "  arrows,"  iisually  accompany  the 
chain.*  They  are  about  a  foot  long,  and  are  made  of  stout  iron 
wire,  sharpened  at  one  end,  and  bent  into  a  ring  at  the  other. 
Pieces  of  red  and  white  cloth  should  be  tied  to  their  heads,  so  that 
they  can  be  easily  found  in  grass,  dead  leaves,  &c. 

They  should  be  strung  on  a  ring,  which  has  a  spring  catch  t» 
retain  them.  Their  usual  form  is  showb  in  Fig.  9.  Fig- 9-  Fig.  la 
fig.  10  shows  another  form,  made  yeiy  large,  and 
Ihere&re  very  heayy,  near  the  point,  so  that  when 
held  by  the  top  and  dropped,  it  may  M  vertically. 
The  uses  of  this  will  be  seen  presently. 

(2S)  On  irregular  ground,  two  stout  staikes  about 
fiiz  feet  long  are  needed,  to  put  the  forward  chain- 
man  in  line,  and  to  enable  whichever  of  the  two  is 
low^t,  to  raise  his  end  of  tiie  chain  in  a  truly  vertical  line,  and  to 
strain  the  chain  straight. 

A  number  of  long  and  slender  rods  are  also  necessary  for 
<<  ran^ng  ouf  lines  between  distant  points,  in  the  manner  to  be 
explained  hereafter ;  in  Part  11,  Chapter  Y . 

(28)  How  to  Chaill*  Two  men  are  required ;  a  fbrwaird  chain- 
main,  and  a  hind  chain-man ;  or  leader  and  follower.  The  latter 
takes  the  handles  of  the  chain  in  his  left  hand,  and  the  chain  itself 
in  his  right  hand,  and  throws  it  out  in  the  direction  in  which'  it  is  to 
be  drawn.  .The  former  takes  a  handle  of  the  chain  and  one  pin  in, 
his  right  hand,  and  the  other  pins  (and  the  staff,  if  used,)  in  his 
left  hand,  and  draws  out  the  chain.  The  follower  then  walks 
beside  it,  examining  carefully  that  it  is  not  twisted  or  bent.  He 
then  returns  to  its  binder  end,  which  he  holds  at  tiie  beginning  of 
the  line  to  be  measured,  puts  his  eye  exactiy  over  it,  and,  by  the 
words  ^^  Bight,''  "  Left,"  directs  the  leader  how  to  put  his  staff, 
or  the  pin  which  he  holds  up,  *^  in  line,''  so  that  it  may  seem  to 
cover  and  hide  the  fli^-staff,  or  other  object  at  the  end  of  the  line. 

'Eleven  pins  are  eometimee  used,  one  being  of  brass.  Nine  of  iron,  with  four 
or  eight  of  brass,  may  also  be  employed.  Their  uses  are  ezphuaed  in  Artielea 
(SU()  and  (24), 
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The  leader  all  the  while  keeps  the  chain  tightly  stretched,  and  hia 
end  of  it  touching  his  staff.  Every  time  he  moves  the  chain,  he 
should  straighten  it  by  an  undulating  shake.  When  the  staff  (or 
pin)  is  at  last  put  "  in  line,"  the  foDower  says  "  Down."  The 
leader  then  puts  in  the  single  pin  precisely  at  the  end  of  the  chain, 
and  replies  "  Down."  The  follower  then  (and  never  before  hearing 
this  signal  that  the  point  is  fixed)  loosens  his  end  of  the  chain, 
retaining  it  in  his  hand.  The  leader  draws  on  the  chain,  making 
a  step  to  one  side  of  the  pin  just  set,  to  avoid  drag^g  it  out.  He 
should  keep  his  eye  steadily  on  the  object  ahead,  or,  in  a  hoDow, 
should  line  himself  approximately  by  looking  back.  The  follower 
should  count  his  steps,  so  as  to  know  where  to  look  for  the  pin  in 
high  grass,  &c.  As  he  approaches  the  pin,  he  ca]ls  ^^  Halt."  On 
reaching  it,  he  holds  the  handle  of  the  chain  against  it,  pressing 
his  knee  against  both  to  keep  the  pm  firm.  He  then,  with  his  eye 
over  the  pin,  "  lines"  the  leader  as  before.  When  the  "  Down" 
has  been  again  called  by  the  follower,  and  answered  by  the  leader, 
the  former  pulls  out  the  pin  with  the  chain-hand,  and  carries  it  in 
his  other  hand,  and  they  go  on  as  before.*^  The  operation  is 
repeated  till  the  leader  has  arrived  at  the  end  of  the  line,  or  has 
put  down  all  his  pins. 

When  the  leader  has  put  down  his  tenth  pin,  he  draws  on  the 
chain  its  length  farther,  and  after  being  lined,  puts  his  foot  on  the 
handle  to  keep  it  firm,  and  calls  ^^  Tally."  The  follower  then 
drops  his  end  of  the  chain,  goes  up  to  the  leader  and  gives  him 
back  all  the  pins,  both  counting  them  to  make  sure  that  none  have 
been  lost.  One  pin  is  then  put  down  at  the  forward  end  of  the 
chain,  and  they  go  on  as  before. 

Some  Surveyors  cause  the  leader  to  call  "taUy"  at  the  tenth 
pin,  and  then  exchange  pins ;  but  then  the  follower  has  only  the 
hole  made  by  the  pm,  or  some  other  indefinite  mark,  to  measure 
bom. 

Eleven  pins  are  sometimes  preferred,  the  eleventh  being  of  brass, 
or  otherwise  different  from  the  rest,  and  being  used  to  mark  the 

*  When  a  chain's  length  would  end  in  a  ditch,  pool  of  water,  &c.  and  the  chain- 
men  are  afraid  of  wetting  their  feet,  they  can  measure  part  of  a  chain,  to  the  edge 
of  the  water,  then  stretch  the  chain  across  it,  and  then  measure  another  portion 
if  a  chain,  so  that  with  the  former  portion,  it  may  make  up  a  full  chain. 
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end  of  the  eleventh  chain ;  another  being  substitatei  for  it  before 
the  leader  goes  on. 

The  two  chain-men  may  change  duties  at  each  change  of  pins, 
if  fhej  are  of  equal  skill,  but  the  more  careful  and  intelligent  of 
two  laborers  should  generally  be  made  "  follower." 

When  the  leader  reaches  the  end  of  the  line,  he  stops,  and  holds 
his  end  of  the  cham  against  it.  The  follower  drops  his  end  and 
counts  the  links  beyond  the  last  pin,  noting  carefully  on  which  side 
of  the  "  fifty"  mark  it  comes.  Each  pin  now  held  by  the  follower, 
including  the  one  in  the  ground,  represents  1  chain ;  each  time 
'^  tally"  has  been  called,  and  the  pins  exchanged,  represents  10 
chains,  and  the  Iit^Vb  just  counted  make  up  the  total  distance. 

(24)  Tallies.  In  chaining  very  long  distances,  there  is  danger 
of  miscounting  the  number  of  ^^  tallies,"  or  tens.  To  avoid  mis- 
takes, pebbles,  &c.,  may  be  changed  from  one  pocket  into  another 
at  each  change  of  pins ;  or  bits  of  leather  on  a  cord  may  be  slip- 
ped from  one  side  to  the  other ;  or  knots  tied  on  a  string ;  but  the 
best  plan  is  the  following.  Instead  of  ten  iron  pins,  use  nine  iron 
pins,  and  four,  or  eight,  or  ten  pins  of  brass,  or  very  much  longer 
than  the  rest.  At  the  end  of  the  tenth  chain,  the  iron  pins  being 
exhausted,  a  brass  pin  is  put  down  by  the  leader.  The  follower 
then  comes  up,  and  returns  the  nine  iron  pins,  but  retains  the  brass 
one,  with  the  additional  advantage  of  having  this  pin  to  measure 
from.  At  the  end  of  the  twentieth  chain,  the  same  operation  is 
repeated ;  and  so  on.  When  the  measurement  of  the  line  is  comr 
pleted,  each  brass  pin  held  by  the  follower  counts  ten  chains,  and 
each  iron  pin  one,  as  before. 

(25)  Chaining  on  Slopest  All  the  distances  employed  m 
Land-surveying  must  be  measured  horizontally,  or  on  a  level ;  for 
reasons  to  be  ^ven  in  chapter  IV.  When  the  ground  slopes,  it  is 
therefore  necessary  to  make  certain  allowances  or  corrections.  If 
the  slope  be  gentie,  hold  the  up-hill  end  of  the  chain  on  the  ground, 
and  raise  the  down^hill  end  till  the  chain  is  level.  To  ensure  the 
d6vate<l  end  being  exactly  over  the  desired  spot,  raise  it  along  a 
staff  kept  vertical,  or  drop  a  pin  held  by  the  point  with  the  ling 
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downwards,  (if  you  have  not  the  heavy  pointed  ones  shown  in  Iig. 
10),  or,  which  is  better,  use  a  plumb-line.  A  person  standing 
bedde  the  chain,  and  at  a  little  distance  from  it,  can  best  tell  if  it 
be  nearly  level.  If  the  hill  be  so  steep  that  a  whole  chain  cannot 
be  held  up  level,  use  only  half  or  quarter  of  it  at  a  time.  Great 
oare  is  necessary  in  this  operation.  To  measure  down  a  steep  hill, 
stretch  the  whole  chain  in  line.    Hold  the  Fig.  ii. 

upper  end  fast  on  the  ground.  Raise  up 
ihe  20  or  80  link-mark,  so  that  that  portion 
of  the  chain  is  level.  Drop  a  plumb4ine  or 
pm.  Then  let  the  follower  cone  forward 
and  hold  down  that  link  on  this  spot,  and  the  leader  hold  up  an- 
other  short  portion,  as  before.  Chaining  down  a  slope  is  more 
accurate  than  chaining  up  it,  since  in  the  latter  case  the  follower 
oannot  easily  place  his  end  of  the  cham  exactly  over  the  pin. 

(26)  A  more  accurate,  though  more  troublesome,  method,  is  to 
measure  the  angle  of  the  slope ;  and  make  the  proper  allowance 
by  calculation,  or  by  a  table,  previously  prepared.  The  correction 
being  found,  the  chain  may  be  drawn  forward  the  proper  number 
of  links,  and  the  correct  distance  of  the  various  pomts  to  be  noted 
will  thus  be  obtained  at  once,  without  any  subsequent  calculation 
or  reduction.  If  the  survey  is  made  with  the  Theodolite,  the  slope 
of  the  ground  can  be  measured  directiy.  A  ^^  Tangent  Scale,"  for 
the  same  purpose,  may  be  formed  on  the  sides  of  the  sights  of  a 
Oompiss.    It  will  be  described  when  that  instrument  is  explained. 

In  the  following  table,  the  first  column  contsuns  tiie  angle  wluieh 
the  surface  of  the  ground  makes  with  the  horizon;  the  second 
column  contains  its  slope,  named  by  the  ratio  of  the  perpendicular 
to  the  base ;  and  the  third,  the  correction  in  links  for  each  chain 
measured  on  the  slope,  i.  e.  the  difference  between  the  hypothenuse, 
which  is  the  distance  measured,  and  the  horizontal  base,  which  is 
the  distance  desired. 
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TABLE  FOR  CHAINING  ON  SLOPES. 
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ASGIJB. 

SLOPE. 

COKRKOTION 
IK  LINKS. 

ANGLE. 

SLOPE. 

CORRECTIOM 
IN  LINKS- 

8° 

Iinl9 

•      0.14 

180 

lin4S 

2.66 

40 

lml4 

0.24 

140 

lin4 

2.97 

50 

linlli 

0.88 

15° 

lin4 

3.41 

60 

liQ    9j^ 

0.66 

16° 

lm8| 

8.87 

70 

lin    8 

0.76 

170 

lin  3 J 

4.37 

8^ 

lin    7 

0.97 

18° 

ImS^ 

4.89 

90 

lin   6^ 

1.23 

19° 

lin3 

6.46 

10^ 

lin    6 

1.53 

20° 

lin2| 

6.03 

110 

lin   6i 

1.84 

26° 

lin2 

9.87 

120 

Im   4| 

2.19 

80° 

linl| 

13.40 

'(tT)  Ghaming  itf  the  fhndamental  operation  in  all  kinds  of  Bnr- 
yeying.  It  has  for  this  reason  been  very  minutely  detailed.  The 
**  follower"  is  the  most  responsible  person,  and  tiie  Surveyor  will 
best  ensure  his  accuracy  by  taking  that  place  himself.  If  he  has 
to  employ  inexperienced  laborers,  he  will  do  well  to  cause  them  to 
measure  the  distance  between  any  two  points,  and  then  remeasure 
it  in  the  opposite  direction.  The  difierence  of  their  two  results 
will  impress  on  them  the  necessity  of  great  carefulness. 

To  ^^  do  up"  the  chain,  take  the  middle  of  it  in  the  left  hand, 
and  with  the  right  hand  take  hold  of  the  doubled  cham  just  beyond 
the  second  link ;  double  up  the  two  links  between  your  hands, 
and  continue  to  fold  up  two  double  links  at  a  time,  laying  each  pair 
obliquely  across  the  Dthers,  so  that  when  it  is  all  folded  up,  the 
handles  will  be  on  the  outside,  and  the  chain  will  have  an  hour-glass 
shape,  easy  to  strap  up  and  to  carry. 

ff 

(28)  Taye*  Though  the  chain  is  most  usually  employed  for  the 
principal  measurements  of  Surveying,  a  tape4ine,  divided  on  one 
dde  into  links,  and  on  the  other  into  feet  and  inches,  is  more  can> 
venient  for  some  purposes,  {t  should  be  tested  veiy  frequentiy, 
particularly  after  getting  wet,  and  the  correct  length  marked  on  it 
at  every  ten  feet    A  '^  Metallic  Tape,"  less  liable  to  stretch,  hai 
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been  recentlj  mannfijctored,  in  which  fine  wires  form  its  iraip. 
When  the  tape  is  bemg  wound  up,  it  should  be  passed  between  two 
fingers  to  prevent  its  twisting  in  the  box,  widch  would  make  it 
necessary  to  unscrew  its  nut  to  take  it  out  and  untwist  it.  White 
m  use,  it  should  be  made  portable  by  being  folded  up  by  arm^s 
lengths,  instead  of  being  wound  up. 

(29)  Substitutes  for.  a  chain  or  a  tape,  may  be  found  in  leather 
driying  lines,  marked  off  with  a  carpenter's  rule,  or  in  a  cord  knoir 
ted  at  the  length  of  eyery  link.  A  well  made  rope,  (such  as  a 
^^  patent  wove  line/'  woren  circularly  with  the  strands  always 
straight  m  the  line  of  the  strain),  when  once  well  stretched,  wetted 
and  allowed  to  dry  with  a  moderate  stram,  inH  not  yaiy  finom  a 
chain  more  than  one  foot  in  two  thousand,  if  carefully  used. 

(50)  Rods*  When  unusually  accurate  measurements  are  re- 
quired, rods  are  employed.  They  may  be  of  well  seasoned  wood, 
of  glass,  of  iron,  &c.  They  must  be  placed  in  line  yery  carefully 
end  to  end ;  or  made  to  coincide  in  other  ways ;  as  wiU  be  explain- 
ed in  Part  Y,  under  the  title  of  ^^Triai^ular  Surveying,"  in 
which  the  peculiarly  accurate  measurement  of  one  line  is  required, 
as  all  the  others  are  founded  upon  it. 

(51)  Pacing,  Sound,  and  other  approximate  means,  may  be 
used  for  measuring  the  length  of  a  line.  They  will  be  discussed, 
m  Part  IX.   The  /SS^m  is  described  in  Art.  (376.) 

(52)  A  PerawhUatory  or  '^  Measuring  Wheel,"  is  sometimes 
used  for  measuring  distances,  particularly  Roads.  It  consists  of  a 
wheel  which  is  made  to  roll  over  the  ground  to  be  measured,  and 
whose  motion  is  communicated  to  a  series  of  toothed  wheels  within 
the  machine.  These  wheels  are  so  proportioned,  that  the  index 
wheel  renters  their  revolutions,  and  records  the  whole  distance 
passed  over.  If  the  diameter  of  the  wheel  be  81^  inches,  tiie  cir- 
cumference, and  tiierefore  each  revolution,  will  be  8^  feet,  or  half 
a  rod.  The  rou^messes  of  the  road  and  the  slopes  necessarily 
cause  the  rej^tered  distances  to  exceed  the  true  measure. 
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MEASURING  ANGLES. 

(88)  The  angle  made  by  any  two  lines,  that  is,  the  difference 
of  their  directians,  is  measured  by  various  instruments,  consisting 
easentiaQj  of  a  circle  divided  into  equal  parts,  with  plain  sights,  or 
telescopes,  to  indicate  the  directions  of  ilie  two  lines. 

As  the  measurement  of  an^es  is  not  required  for  ^^  Chain  Sur- 
veying," which  is  the  first  Method  to  be  discussed,  the  considera- 
tion of  this  kind  of  measurement  will  be  postponed  to  Part  HI. 

NOTING  THE   MEASUREMENTS. 

(84)  The  measurements  wluch  have  been  made,  whether  of 
lines,  or  of  an^es,  require  to  be  very  carefiilly  noted  and  recorded. 
Clearness  and  brevity  are  the  points  desired.  Different  methods 
of  notation  are  required  for  each  of  the  systems  of  surveying  which 
are  to  be  ezplaiaed,  and  wiU  therefore  be  ^ven  in  their  appropriate 
places. 


CHAPTER  in. 

DRAWING  THE  IHIP. 

(85)  A  Map  of  a  survey  represents  the  lines  which  bound  the 
surface  surveyed,  and  tiie  objects  upon  it,  such  as  fences,  roads, 
rivers,  houses,  woods,  hills,  &c.,  in  their  true  relative  dimensions 
and  positions.  It  is  a  miniature  copy  of  the  field,  farm,  &c.,  as  it 
would  be  seen  by  an  eye  moving  over  it ;  or  as  it  would  appear,  if 
from  every  point  of  its  irregular  surface,  plumb  lines  were  dropped 
to  a  level  surface  under  it,  forming  what  is  called  in  geometrical 
language,  its  horizorital  projection, 

(88)  Plattlngt  A  plat  of  a  survey  is  a  skeleton,  or  outline 
map.  It  is  a  figure  ^^  similar"  to  the  original,  having  all  its  angles 
equal,  and  its  sides  proportional.  Every  inch  on  it  represents  a 
foot,  a  yard,  a  rod,  a  mile,  or  some  other  length,  on  the  ground ; 
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an  the  measured  distances  being  diminished  in  exactly  the  same 

PiiATTiKa  is  repeating  an  paper y  to  a  smaller  scah,  the  mech 
mjiremenU  which  have  been  made  on  the  ground. 

Its  variotis  operations  may  therefore  be  reduced,  in  accordance 
Kfith  the  principles  established  in  the  Fig.  12. 

first  chapter,  to  two,  viz :  drawing 
a  straight  line  in  a  given  direction 
and  of  a  ^ven  length ;  and  describ- 
ing an  arc  of  a  circle  with  a  radius 
whose  lengtli  is  also  ^ven.  The 
only  instruments  absolutely  necessary  for  this,  are  a  straight  rderi 
and  a  pair  of  "  dividers,"  or  "  compasses."  Others,  however,  are 
often  convenient,  and  will  be  now  briefly  noticed. 

(t7)  Straight  Lines.   These  are  usually  drawn  by  the  aid  of  a 

straight-edged  ruler.  But  to  obtain  a  very  long  straight  line  upon 
paper,  stretch  a  fine  silk  thread  between  any  two  distant  points, 
and  mark  in  its.line  various  points,  near  enough  together  to  be 
afterwards  connected  by  a  common  ruler.  The  thread  may  also 
be  blackened  with  burnt  cork,  and  snapped  on  the  paper,  as  a 
carpenter  snaps  his  chalk  line ;  but  this  is  liable  to  inaccuracies, 
from  not  raising  the  line  vertically. 

(88)  ArcSt  The  arcs  of  circles  used  in  fixing  the  position  of  a 
point  on  paper,  are  usually  described  with  compasses,  one  leg  of 
which  carries  a  pencil  point.  A  convenient  substitute  is  a  strip 
of  pasteboard,  through  one  end  of  which  a  fine  needle  is  thrust  into 
the  ^ven  centre,  and  through  a  hole  in  which,  at  the  desired  dis- 
tance,  a  pencil  point  is  passed,  and  can  thus  describe  a  circle  about 
the  centre,  the  pasteboard  keeping  it  always  at  the  proper  distance. 
A  string  is  a  still  readier,  but  less  accurate,  instrument. 

(39)  ParallelSt  The  readiest  mode  of  drawing  parallel  lines 
is  by  the  aid  of  a  triangular  piece  of  wood  and  a  ruler.    Let  AB 
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Drawing  the  Hap. 
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be  the  line  to  which  a  parallel  is  to 

be  draMm,  and  C  the  point  through 

which  it  mnst  pass.    Place  one 

ade  of  the  trian^e  against  the* 

line,  and  place  Uie  mler  against 

another  side  of  the  triangle.    Hold 

the  ruler  firm  and  immoyable,  and 

dide  the  triangle  along  it  till  the  side  of  the  triangle  which  had  cdn- 

cided  with  the  given  line,  passes  through  the  given  pomt.    This 

fiide  will  then  be  parallel  to  that  ^ven  line,  and  a  line  drawn  by 

at  will  be  the  Ime  required. 

Another  easy  method  of  drawing  parallels,  is  by  means  of  a  T 
square,  an  'instrument  very  valuable  for  many  other  purposes.  It 
is  nothing  but  a  ruler  let  into  a  thicker  piece  of  wood,  very  truly 
at  right  angles  to  it.  For  this  use  of  it,  one  side  of  the  cross-piece 
must  be  even,  or  ^^  flush,"  with  the  ruler.    To  use  it,  lay  it  on  the 


paper  so  tiiat  one  edge  of  the 
ruler  coincides  with  the  ^ven  line 
AB.  Place  another  ruler  against 
the  cross-piece,  hold  it  firm,  and 
slide  the  T  square  along,  till  its 
edge  passes  through  the  ^ven 
point  C,  as  shown  by  the  lower 
part  of  Hie  figure.  Then  draw 
by  this  edge  the  desired  line  paral- 
lel to  the  ^ven  line. 


Fig.  14. 


^^^^^^^^7// 


(M)  Perpeniicvlars.  These  may  be  drawn  by  the  various 
problems  ^ven  in  6eomc4^,  but  more  readily  by  a  triangle  which 
has  one  right  angle.    Place  the  longest  Fig.  15. 

side  of  the  trian^e  on  the  g^ven  Ime, 
and  place  a  ruler  agaiost  a  second  side 
of  the  triangle.  Hold  the  ruler  fast, 
and  turn  the  trian^e  so  as  to  bring  its 
tiiird  side  against  tiie  ruler.  Then  will 
tibe  long  side  be  perpendicular  to  the 
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^yen  line.  By  sliding  the  triangle  along  the  raler,  it  may  ba 
used  to  draw  a  perpendicular  from  any  point  of  the  line,  or  from 
any  point  to  the  line. 

(41)  AngleSt  These  are  most  easily  set  out  with  an  instm- 
ment  called  a  Protractor,  nsoally  a  semi-circle  of  brass.  But  the 
description  of  its  use,  and  of  the  other  and  more  accurate  modes 
of  laying  off  angles,  will  be  postponed  till  they  are  needed  in  Part 
m,  Chapter  IV. 

(42)  Drawing  to  Scale*  The  operation  of  drawing  on  paper 
lines  whose  length  shaQ  be  a  half,  a  quarter,  a  tenth,  or  any  other 
fraction,  of  the  lines  measured  on  tiie  ground,  is  called  ^^  Drawing 
to  Scale." 

To  set  off  on  a  line  any  ^ven  distance  to  any  required  scale, 
determine  the  number  of  chains  or  links  which  each  division  of 
the  scale  of  equal  parts  shall  represent.  Divide  the  given  distance 
by  this  number.  The  quotient  will  be  the  number  of  equal  parts 
to  be  taken  in  the  dividers  and  to  be  set  off. 

For  example,  suppose  the  scale  of  equal  parts  to  be  a  common 
carpenter's  rule,  divided  into  inches  and  eighths.  Let  the  ^ven 
distance  be  twelve  chains,  which  is  to  be  drawn  to  a  scale  of 
two  chcdns  to  an  inch.  Then  six  inches  will  be  the  distance  to  be 
set  off.  If  the  given  distance  had  been  twelve  chains  and  seventy 
five  links,  the  distance  to  be  set  off  would  have  been  six  inches 
and  three-eighths,  since  each  eighth  of  an  inch  represents  25  links. 

If  the  desired  scale  were  three  chains  to  an  inch,  each 
eighth  of  an  inch  would  represent  87  j^  links ;  and  the  distance 
of  1275  links  would  be  represented  by  thihy-four  ei^ths  of  an  inch, 
or  4^  inches. 

A  similar  process  will  give  the  correct  length  to  be  set  off  for 
any  distance  to  any  s^ale. 

K  the  scale  used  had  been  divided  into  inches  and  tenths,  as  is 
much  the  most  convenient,  the  above  distances  would  have  become 
on  the  former  scale  6  jY^r  inches,  or  nearly  6^^  inches ;  and  on  the 
latter  scale  i^^a  inches,  coming  midway  between  the  2d  and  8d 
tenth  of  an  inch. 
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(4S)  0<mver%dyy  to  find  the  real  length  of  a  line  drawn  on 
paper  to  any  known  scale,  reverse  the  preceding  operation.  Take 
the  length  of  the  line  in  the  dividers,  apply  it  to  the  scale,  and 
connt  how  many  equal  parts  it  includes.  Multiply  their  number 
by  the  number  of  chains  or  links  which  each  represents,  and  Ihe 
product  will  be  the  desired  length  of  the  line  on  the  ground. 

This  operation  and  the  preceding  one  are  greatly  facilitated  by 
the  use  of  the  scales  to  be  described  in  Art.  (48) 

(44)  Scales.  The  choice  of  the  scale  to  which  a  plat  should  be 
drawn,  that  is,  how  many  times  smaller  its  lines  shall  be  than  those 
which  have  been  measured  on»the  ground,  is  determined  by  several 
condderations.  The  chief  one  is,  that  it  shall  be  Just  large  enough 
to  express  clearly  all  the  details  which  it  is  desirable  to  know.  A 
Farm  Survey  would  require  its  plat  to  show  eveiy  field  and  build- 
ing. A  State  Survey  would  show  only  the  towns,  rivers,  and  lead- 
ing roads.  The  size  of  the  paper  at  hand  will  also  limit  the  scale 
to  be  adopted.  If  the  content  is  to  be  calculated  firom  the  plat, 
that  will  forbid  it  to  be  less  than  8  chains  to  1  inch. 

Scales  are  named  in  various  ways.  They  shotdd  always  be 
eoDpressed  fractionally;  i.  e.  they  should  be  so  named  as  to  indicate 
what  fractional  part  of  the  real  line  measured  on  the  ground,  the 
representative  Ime  drawn  on  the  paper,  actually  is.  When  custom 
requires  a  different  way  of  naming  the  scale,  both  should  be  gjiven. 
It  would  be  still  better,  if  the  denominator  could  always  be  some 
power  of  10,  or  at  least  some  multiple  of  2  and  5,  such  as  7^, 
TiAnFJ  w<y>  TsW>  *<^-  For  convenience  in  printing,  these  may  be 
written  thus :  1 :  500, 1 :  1000, 1 :  2000, 1 :  2500,  &c. 

Plats  of  Farm  Surveys  are  usually  named  as  being  so  many 
chains  to  an  inch. 

Maps  of  Surveys  of  States  are  generally  named  as  bemg  made 
to  a  scale  of  so  many  nules  to  an  inch. 

Maps  of  RaiJrroad  Surveys  are  said  to  be  so  many  feet  to  an 
inch,  or  so  many  inches  to  a  mUe. 

(45)  Farm  Surveys*  If  these  are  of  small  extent,  two  chains 
to  one  inch  (which  is  =  ^^^^^^  =  ik  =  1-1584)  is  convenient. 
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A  Boale  of  <me  cliain  to  one  mch  (1 :  792)  is  iiseM  for  |daos  of  boM 
ingB.  Three  chains  to  one  inch  (1:2876)  is  suitable  for  larger 
fSBumB.  It  is  the  scale  prescribed  by  the  English  Tithe  Cammis- 
doneis  for  their  first  class  maps. 

In  France^  Hie  CadoBtre  Surveys  are  lithographed  on  a  scale 
about  equivalent  to  this,  being  1 :  2500.  The  origbal  plans  are 
draim  to  a  scale  of  1:6000.  Plans  for  the  divisicMi  of  property 
are  made  on  the  former  scale.  When  the  district  exceeds  3000 
acres,  the  scale  is  1 :  10,000.  When  it  exceeds  7,500  acres,  tibe 
scale  is  1:20,000.  A  common  scale  in  France  for  smaU  sorveys 
is  1:1000;  about  1^  chains  to  1  inch. 

•  Fig.  16.  : 
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The  choice  of  the  most  suitable  scale  for  the  plat  of  a  fimn  sup* 
yey,  may  be  facilitated  by  the  figure  ^ven  above,  which  shows 
the  actual  space  occupied  by  one  aerey  (the  customary  unit  of  land 
measure),  laid  out  in  the  form  of  a  square,  on  maps  drawn  to  the 
various  scales  named  in  the  figure. 


(UUP.  m.]  Drawiig  tke  Hap.  81 

(4t)  State  SureyB.  On  these  siureja,  emaller  scales  are 
necessarily  employed. 

On  the  admirable  United  States  Coast  Survey,  all  the  scales 
are  expressed  firactioDally  and  decimally.  ^^The  snryeys  are 
generally  platted  ori^nally  on  a  scale  of  one  to  ten  or  twenty  thon- 
eand,  bat  in  some  instances  the  scale  is  larger  or  smaller. 

These  oiigmal  surveys  are  reduced  for  engraving  and  publica- 
tion, and  vrhen  issued,  are  embraced  in  three  general  classes.  1^, 
small  Harbor  charts ;  2^,  charts  of  Bays,  Sounds,  and  8<^,  of  the 
Ooaflt  General  Charts. 

The  scales  of  the  first  cla^s  vary  from  1:10,000  to  1:60,000, 
according  to  the  nature  of  the  Harbor  and  the  different  objects  to 
be  rei^esented. 

Where  there  are  many  shoals,  rocks,  or  other  objects,  as  in 
Nantucket  Harbor  and  Hell-Gate,  or  where  the  importance  of  the 
harbor  makes  it  necessary,  a  larger  scale  of  1 : 5,000, 1 :  10,000, 
and  1:20,000  is  used.  But  where,  from  the  size  of  the  harbor, 
or  its  ease  of  access,  a  smaller  one  will  point  out  every  danger  with 
sufficient  exactness,  the  scales  of  1:40,000  and  1:60,000  are 
used,  as  in  the  case  of  New-Bedford  Harbor,  Cat  and  Ship  Island 
Harbor,  New-Haven,  &c. 

The  scale  of  the  second  class,  in  consequence  of  the  large  areas 
to  be  represented,  is  usually  fixed  at  1 :  80,000,  as  in  the  case  of 
New-York  Bay,  Delaware  Bay  and  Biver.  Preliminary  charts, 
however,  are  issued,  of  various  scales  from  1 :  80,000  fo  1 :  200,000. 

Of  the  third  class,  the  scale  is  fixed  at  1:400,000,  for  the 
General  Chart  of  the  Coast  from  Gay  Head  to  Cape  Henlopen, 
alQiough  considerations  of  the  pro2dmity  and  importance  of  points 
on  the  coast,  may  change  the  scales  of  charts  of  other  portions  of 
our  extended  coast.''* 

The  National  Survey  of  Cheat  Britain  is  called,  from  the  corps 
employed  on  it,  the  "  Ordnance  Survey." 

The  "  Ordnance  Survey"  of  the  southern  counties  of  England 
was  platted  on  a  scale  of  2  inches  to  1  mile,  (1:31,680),  and 
reduced  for  publication  to  that  of  one  inch  to  a  mile,  (1:63,860). 
The  scale  of  6  inches  to  a  mile  (1:10,560)  was  adopted  for  the 

*  Commaiiicated  from  the  U.  S.  Coast  Sarrey  office. 
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nortiiem  counties  of  England  and  for  the  Boutiiem  coonlies  <^  Scot* 
land.  The  same  scale  was  employed  for  platting  and  engraving  in 
oailine  the  ^^  Ordnance  Survey"  of  Ireland.  But  a  map  on  a 
scale  of  1  inch  to  1  nule  (1 :  68,360)  is  about  to  be  published,  the 
former  scale  rendering  the  maps  too  unwieldy  and  cumbrous  for 
consultation. 

The  Ordnance  Survey  of  Scotland  was  at  first  plattied  on  a  scale 
of  six  inches  to  one  mile,  (1 :  10,560).  That  scale  has  since  been 
abandoned,  and  it  is  now  platted  on  a  scale  of  two  inches  to  1  mile, 
(1 :  31,680),  and  the  general  maps  are  made  to  only  half  that  scale. 

The  Ordnance  Survey  scale  for  the  maps  of  London  and  other 
large  towns,  is  5  feet  to  1  mile,  (1 :  1056),  or  1^  chains  to  one  inch. 

Li  the  "  Surveys  under  the  Public  Health  act"  of  England, 
the  scale  for  the  general  plan  is  two  feet  to  one  mile,  (1 : 2,640) ; 
and  for  the  detailed  plan,  ten  feet  per  mile,  (1 :  528),  or  two-thirds 
of  a  chain  per  inch. 

The  Government  Survey  of  France  is  platted  to  a  scale  of 
1:20,000.  Copies  are  made  to  1:40,000;  and  the  maps  are 
engraved  to  a  scale  of  1 :  80,000,  or  about  |  inch  to  1  mile. 

Cassini's  famous  map  of  France  was  on  a  scale  of  1 :  86,400. 

The  French  War  Department  employ  the  scales  of  1:10,000; 
1:20,000;  1:40,000;  and  1:80,000;  for  the  topography  of 
France. 

(47)  Ball-road  Sarveys.  For  these  the  New-Tork  General 
Bail-road  Law  of  1850  directs  the  scale  of  maps  which  are  to  be 
filed  in  the  State  Engineer's  Office,  to  be  five  hundred  feet  to  one- 
tenth  of  a  foot,  (=  1 :  5000.) 

For  the  New-York  Canal  Maps  a  scale  of  2  chains  to  1  inch 
(1 :  1584)  is  employed. 

The  Parliamentary  "standmg  orders"  prescribe  the  [dans  of 
Bail-roads,  prepared  for  Parliamentary  purposes,  to  be  made  on  a 
scale  of  not  less  than  4  inches  to  the  mile,  (1 :  15840)  :  and  the 
enlarged  portions  (as  of  gardens,  court-yards,  &c.)  to  be  on  a  scale 
not  smaller  than  400  feet  to  the  inch,  (1 :  4800.)  Accordingly 
the  practice  of  En^^  Bailway  Engineers  is  to  draw  the  whole 
plan  to  a  scale  of  6  chains,  or  396  feet  to  the  inch,  (1 :  4752)  as 
being  just  within  the  Parliamentary  limits. 


QHAP.  in.] 


Drawing  the  Map. 
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In  France,  the  Engineers  of  ^^  Bridges  and  Roads"  (Corps  dei 
Fonts  at  Ghaossees)  employ  for  the  general  plan  of  a  road  a  scale 
of  1 :  5000,  and  for  appropriations  1 :  500. 

(48)  In  the  United  States  Engneer  service,  the  following  scales 
are  prescribed : 

General  plans  of  baildingt,  1  inch  to  10  feet,  (1;120). 

Map*  of  groand,  with  horizontal  canref  one  foot  apart,  1  inch  to  50  feet,  (1 :  600 J. 

Topographical  mapi,  one  mile  and  a  half  square,  2  feet  to  one  mile,  (1 : 2,640). 

Do.  compriiing  three  miles  square,  1  foot  to  one  mile,  (1 : 5,280). 

Do.  between  four  and  eight  miles  square,  6  inches  to  one  mile,  ( 1 :  10,560). 

Do.  comprising  nine  miles  square,  4  inches  to  one  mile,  (1 :  15,840). 

Maps  not  exceeding  24  miles  square,  2  inches  to  one  mile,  (1 :  31,680). 

Maps  comprising  50  miles  square,  1  inch  to  one  mile,  (1 :  63,360). 

Maps  comprising  100  miles  square,  i  inch  to  one  mile,  (1: 126,720.) 

Bnrvffyt  of  Boads,  Oanals,  &c.,  1  inch  to  50  feet,  (1 :  600). 

(49)  The  most  convenient  scales  of  equal  parts  are  those  of  box- 
wood, or  ivory,  which  have  a  fiducial  or  feather  edge,  along  which 
they  are  divided,  so  that  distances  can  be  at  once  marked  off  from 
this  edge,  without  reqmring  to  be  taken  off  with  the  dividers ;  or 
the  lenglih  of  a  ^ven  line  can  be  at  once  read  off.  Box-wood  is 
preferable  to  ivory  as  much  less  liable  to  warp,  or  to  vary  in  length 
with  changes  in  the  moistare  in  the  air. 

The  student  can,  however,  make  for  himself  platting  scales  of 
drawing  paper,  or  Bristol  board.  Gut  a  straight  strip  of  this  mate- 
rial, about  an  inch  wide.    Draw  a  line  through  its  middle,  and  set 
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off  on  it  a  number  of  equal  parts,  each  representing  a  chain  to  the 
desired  scale.  Sub-divide  the  left  hand  divifflon  into  ten  equal 
parts,  each  of  which  will  therefore  represent  ten  links  to  this  scale. 
Through  each  point  of  division  on  the  central  line,  draw  (with 
the  T  square)  perpendiculars  extending  to  the  edges,  and  the 
scale  is  made.  It  explains  itself.  The  above  figure  is  a  scale  of 
2  dbaons  to  1  inch.     On  it  the  distance  220  links  would  extend 
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betwden  the  anow-headi  abore  the  line  in  the  figme ;  560  linka 
extends  between  tiie  lower  anxm-heftds,  ke. 

A  paper  scale  has  tiie  great  adyantage  of  varTing  less  firam 
a  plat  which  has  been  made  bj  it,  m  consequence  of  changes 
in  the  weather,  than  any  o&er.  The  mean  of  many  trials 
showed  the  difference  between  such  a  scale  and  cbrawing  paper, 
when  exposed  alternately  to  the  damp  open  atmosphere,  and  to  tiie 
air  of  a  warm  dry  room,  to  be  equal  to  .005,  while  that  between 
box-wood  scales  and  the  p^>er  was  .012,  or  nearly  2^  times  as 
much.    The  diflforenoe  with  irory  woold  have  been  even  greater. 

Some  of  the  more  usual  platting  scales  are  here  ^ven  in 
their  actual  dimensions. 

In  these  fire  figores,  <Merent  methods  of  drawing  tiie  scales 
have  been  ^ven,  but  each  method  may  be  applied  to  any  scale. 
The  first  and  second,  being  the  most  dimple,  are  generally  the  best 
In  the  third  the  subdivisions  are  made  by  a  diagonal  line :  the 
distances  between  the  various  pairs  of  arrow  heads,  be^nning  with 
the  uppermost,  are,  respectively,  810,  540,  and  270  links. 

Fig.  18.    Se€Ue  of  1  dUm  to  1  tneft. 
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Fig.  19.    Scale  of  2  thauu  to  I  inek. 


iiiifriiiiT     1    T=^ 


3?: 


Si 


Fig.  20.    ScaU  of  3  tkauu  to  1  inck. 
O  1  g. a  4  ff  S  7  8  9 


i 


% 


In  the  fourth  figure  the  distances  between  the  arrow 
respectively  310,  270,  and  540  links. 

Fig.  21.    Setde  of  4  tknmt  to  1  tncft. 
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In  the  fifOi  figure  fbe  acale  of  5  chains  to  1  inch  is  subdi^ed 
diagonally  to  onlj  eyeiy  quarter  chain,  or  25  IinkB.  The  distance 
between  the  upper  pair  of  anow-heads  on  it  is  12^  cfaains,  or  12.26 ; 
between  the  next  pair  of  anow^eads,  it  is  6*50 ;  and  between  like 
lower  pair,  14.^5. 

Fig.  22.    SeiOe  cf  5  cjUmm  to  I  iaek, 
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A  diagonal  scale  lor  dividing  an  inch,  or  a  half  inch,  into  100 
equal  parts,  is  found  on  Ihe  ^  Plab  scale"  in  eyery  case  of  instro* 
ments. 


(M)  feraier  Scale*  This  is  an  mgenious  sid)stitate  for  the 
£agonaI  scale.  The  one  ^ven  in  the  following  figure  divides  an 
inch  into  100  equal  parts,  and  if  each  inch  be  supposed  to  represent 
a  chaiiViJfc-^ves  single  links. 

Fig.  23. 
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Make  a  scale  of  an  inch  divided  into  tenths,  as  in  the  upper 
scale  of  the  above  figure.  Take  in  the  dividers  eleven  of  these 
divisions,  and  set  off  this  distance  from  the  0  of  the  scale  to  the 
left  of  it.  Divide  the  distance  thus  set  off  into  10  equal  parts. 
Each  of  them  will  be  one  tenth  of  eleven  tenths  of  one  inch ;  i.  e. 
eleven  hundredths,  or  a  tenth  and  a  .hundredth,  and  the  first  di- 
vision on  the  short,  or  vermer  scale,  will  overlap,  or  be  longer  than 
Ihe  first  division  on  the  long  scale,  by  just  one  hundredth  of  an 
inch ;  the  second  division  will'  overlap  two  hundredths,  and  so  on. 
The  principle  will  be  more  fully  developed  m  treating  of  "  Verniers," 
Part  rV,  Chapter  11. 

Now  suppose  we  wish  to  take  off  from  iiiis  scale  275  hundredths 
of  an  inch.  To  get  the  last  figure,  we  must  take  five  divisions  on 
the  lower  scale,  which  will  be  55  hundredths,  for  the  reason  just 
^ven.    220  will  remain  which  are  to  be  taken  from  the  upper 
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acsloj  and  the  entire  number  will  be  obtained  at  once  bj  extendmg 
the  dividers  between  the  arrow-heads  in  the  figure  from  220  on  the 
upper  scale  (measuring  along  its  lower  side)  to  55  on  the  lower  scale, 
254  would  extend  from  210  on  the  upper  scale  to  44  on  the  lower. 
818  would  extend  from  230  on  the  upper  scale  to  88  on  the  lower. 
Always  begin  then  with  subtracting  11  times  the  last  figure  from 
the  ffven  number ;  find  the  remainders  on  the  upper  scale,  and 
the  number  subtracted  on  the  lower  scale. 

(51)  A  i^t  is  sometimes  made  by  a  nominally  reduced  scale 
in  the  following  manner.  Suppose  that  the  scale  of  the  plat  is  to 
be  ten  chains  to  one  inch,  and  that  a  diagonal  scale  of  inches,  divided 
into  tenths  and  hundredths,  is  the  only  one  at  hand.  By  dividing 
all  the  distances  by  ten,  this  scale  can  then  be  used  without  any 
further  reduction.  But  if  the  content  is  measured  from  the  plat 
to  the  same  scale,  m  the  manner  explained  in  the  next  chapter,  the 
result  must  be  multiplied  by  10  times  10.  This  is  called  by  old 
Surveyors  "  Raising  ttie  scale,"  or  "  Restoring  true  measure." 


it 


.  (52)  Sectoral  Scales*  The  Sector^  (called  by  the  French 
Compass  of  Proportion"),  is  an  instrument  sometimes  convenient 
for  obtaining  a  scale  of  equal  parts.  It  is  in  two  portions,  turning 
on  a  lunge,  like  a  carpenter's  pocket  rule.  It  contains  a  great 
number  of  scales,  but  the  one  intended  for  this  use  is  lettered  at  its 
ends  L  in  English  instruments,  and  consists  of  two  lines  running 
from  the  centre  to  the  ends  of  the  scale,  and  each  divided  into  ten 
equal  parts,  each  of  which  is  again  subdivided  into  10,  so  that  each 
leg  of  the  scale  contains  100  ^^s-  ^4. 

equal  parts.  To  illustrate 
its  use,  suppose  that  a  scale 
of  7  chains  to  1  inch  is  re- 
quired. Take  1  inch  in  the 
dividers,  and  open  the  sec- 
tor till  this  distance  will  just 
reach  from  the  7  on  one  leg 
to  the  7  on  the  other.  The 
sector  is  then  ^^  «et"  for  this 
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scale,  and  the  angle  of  its  opeiung  must  not  be  again  changed. 
Now  let  a  distance  of  580  links  be  required.  Open  the  dividers 
till  thej  reach  firom  58  to  58  on  the  two  legs,  as  in  the  dotted  line 
in  the  figure,  and  it  is  the  required  distance.  Again,  suppose  that 
a  scale  of  2^  chains  to  one  inch  is  desired.  Open  the  sector  so 
that  1  inch  shall  extend  firom  25  to  25.  Any  other  scale  may  be 
obtained  in  the  same  manner. 

Conversely,  the  length  of  any  known  line  to  any  desired  scale 
ean  thus  be  readily  determined. 

(58)  Whatever  scale  may  be  adopted  for  plattmg  the  survey,  it 
should  be  drawn  on  the  map,  both  for  convenience  of  reference, 
and  in  order  that  the  contraction  and  expansion,  caused  by  changes 
in  the  quantity  of  moisture  in  the  atmosphere,  may  affect  the  scale 
and  the  map  alike.  When  the  drawing  paper  has  been  wet  and 
^ued  to  a  board,  and  cut  off  when  the  map  is  completed,  its  con< 
tractions  have  been  found  by  many  observations  to  average  from 
one-fourth  to  one-half  per  cent,  on  a  scale  of  3  chains  to  an  inch, 
(1:2876),  which  would  therefore  require  an  allowance  of  fix)m 
one-balf  perch  to  one  perch  per  acre. 

A  scale  made  as  directed  in  Art.  (49),  if  used  to  make  a  plat 
on  unstretched  paper,  and  then  kept  with  the  plat,  will  answer 
nearly  the  same  purpose. 

Such  a  scale  may  be  attached  to  a  map,  by  slipping  it  through 
two  or  three  cuts  in  the  lower  part  of  the  sheet,  and  will  be  a  very 
convenient  substitute  for  a  pair  of  dividers  in  measuring  any  dis- 
tance upon  it. 

(54)  Scale  omitted*  It  may  be  reqiured  to  find  the  unknown 
scale  to  whic|L  a  g^ven  map  has  been  drawn,  its  superficial  content 
being  known.  Assume  any  convenient  scale,  measure  the  lines 
of  the  map  by  it,  and  find  the  content  by  the  methods  to  be  given 
in  the  next  chapter,  proceeding  as  if  the  assumed  scale  were  the 
true  one.  Then  make  this  proportion,  founded  on  the  geometrical 
principle  that  the  areas  of  similar  figures  are  as  the  squares  of  tiieir 
corresponding  sides :  As  thiB  content  found  is  to  tiie  given  content 
^So  is  tiie  square  of  the  assumed  scale  To  the  square  of  the  true  scale. 
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CHAPTER  IV. 

CiLCVLATIIfi  TIE  COITEIIT. 

(55)  The  GoNTEKT  of  a  piece  of  ground  is  Its  fiuperficial  arta^ 
0r  tlie  number  of  square  feet,  yards,  acres,  or  miles  which  it 
eontains. 


(56)  Hartetltal  HeastrMteit.  AH  ground,  howeTermclined 
or  uneyen  its  surface  may  be,  should  be  measured  horizontally,  <« 
as  if  brought  down  to  a  horizontal  plane,  so  that  the  surfiEUse  of  a 
Ull,  thus  measured,  would  give  tiie  same  content  as  the  level  base 
on  which  it  may  be  supposed  to  stand,  or  as  the  figure  which  would 
be  fonned  on  a  level  surfSBkce  beneath  it  by  dropping  plumb  lines 
firom  every  point  of  it. 

TUs  method  of  procedure  is  required  for  both  6e<»ietrical  and 
Social  reasons. 

Q-eometrieally^  it  is  plain  ihat  this  horizontal  measurement  is 
absolutely  necessary  for  the  purpose  of  obtaining  a  correct  plat. 
In  Mg.  26,  let  ABCD,  and  BCEF, 
be  two  square  lots  of  ground,  platted 
horisMmtaUy.  Suppose  the  ground  to 
slope  in  all  directions  from  the  point 
G,  which  is  the  summit  <^  a  hiS. 
Then  the  lines  BC,  DO,  measured  on 
Uie  slopt^,  are  longer  than  if  measur- 
ed on  a  level,  and  Hie  field  ABCD^ 
i£  Mg.  25,  platted  with  these  long 
lines,  would  take  the  shape  ABOD 
in  Fig.  26;  and  the  field  BCEF, 
of  Kg.  25,  would  become  BHEF  of 
Fig.  26.  The  two  adjoinmg  fields  would  thus  overlap  each  otfaar ; 
and  the  same  difficulty  would  occur  in  every  case  of  platting  any 
two  a^joinin^  fields  by  the  measurements  made  on  the  slope* 
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Let  Qfl  sappoee  another  case,         ^k>  ^*  ^*  sa 

more  simpld  dun  mnM  ever  oo- 
owr  in  practice,  that  of  a  tibre^ 
dded  field,  of  eqtial  sides  and 
campoBed  of  three  portioDs  each 
doping  down  uniformly,  (at  the 
rate  of  one  to  one)  fitnn  one  point  in  Ae  centro,  as  in  Fig.  27, 
Each  dope  being  accorately  platted,  the  three  could  not  come 
togetiier,  but  would  be  separated  as  in  Fig.  28. 

We  have  here  taken  the  most  simple  cases,  those  of  uniform 
slopes.  But  with  the  common  irregularities  of  uneyen  ground,  to 
measure  its  actual  surfiBuse  would  not  only  be  improper,  but  impos- 
wHke. 

In  iiie  Soeidl  aspect  of  this'question,  the  horizontal  measurement 
is  justified  by  the  fiict  that  ao  more  houses  can  be  built  on  a  hiU 
than  could  be  built  on  its  flat  base ;  and  that  no  more  trees,  com, 
or  other  plants,  which'^ shoot  up  yertically,  can  grow  on  it;  as  is 
represented  by  the  vertical  Imes  in  the  Fig.  29. 

figure*    Even  if  a  dde  hiU  should  pro-         jJ^         ""^l 

duee  more  of  certain  creeping  plants,  the    ^q1^\ In 

increased  difficulty  in  their  cultivation  migjht  perhaps  balance  this. 
For  this  reason  the  surface  of  the  soil  thus  measured  is  sometimes 
ealled  liie  proAusHoe  lane  of  the  ground. 

Again,  a  piece  of  land  containing  a  hill  and  a  hoUow,  if  measured 
OD;the  surface  would  ^ve  a  larger  content  than  it  would  after  the 
hollow  hal  been  fiUed  up  by  the  boll,  while  it  would  yet  really  be 
of  greatei  value  than  before. 

Horizontal  measurement  is  called  the  ''  Method  of  GulteUation,'* 
and  jSuperficial  measurement,  the  ^^  Method  of  Deyelopement."t 

An  act  of  the  State  of  New-Ywk  prescribes  that  <«  The  acre,  fixr 
land  measure,  shall  be  measured  horisontallv-" 

*  nit  qneition  if  more  than  two  thoasand  jetn  old,  for  Folybiai  writes, 
'^ Borne  even  of  those  who  are  employed  in  the  aaminUtration  of  itatei,  or  placed 
at  the  head  of  armies,  iiha^ne  that  uoeoual  and^  billy^  ground  will  coutaiii  more 

1  le'    ' 


I  thao  a  surface  wbicE  is  flat  and  laveL  This,  however,  is  not  the  truth. 
For  the  houses  being  raised  in  a  vertical  line,  form  right  ansles,  not  with  tlie  de- 
divit^  of  the  gronnd,  but  with  the  flat  surface  which  lies  berow,  and  upon  whidi 
the  hills  themselves  also  stand.*' 

\  The  former  from  CvHellum,  a  knife,  as  if  the  hills  were  sliced  off;  the  latter 
■o  named  because  it  strips  off  or  unfolds,  as  it  were,  the  surface. 
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(57)  Vilt  of  Coitent.  The  Acre  is  &6  unit  of  land-moasine* 
ment.  It  contaisfi  4  Roods.  A  Rood  contains  40  Perches.  A 
Perch  IS  a  square  Bod ;  otherwise  called  a  Perch,  or  Pole.  A 
Bod  is  5^  yards,  or  16]^  feet. 

Hence,  1  acre  ==4  Roods  =  160  Perches  =  4,840  square 
jards  =  48,560  square  feet. 

One  square  mile  =  5280  x  5280  feet  =  640  acres. 

Since  a  chain  is  66  feet  long,  a  square  chain  contains  4356 
square  feet ;  and  consequentlj  ten  square  chaxM  make  one  acre.* 

In  different  parts  of  England,  the  acre  varies  greatly.  The 
statute  acre,  as  in  the  United  States,  contains  160  square  perches 
of  16^  feet,  or  43,560  square  feet.  The  acre  of  Deyonshire  and 
Somersetshire,  contains  160  perches  of  15  feet,  or  36,000  square 
feet.  The  acre  of  Cornwall  is  160  perches  of  18  feet,  or  51,840 
Square  feet.  The  acre  of  Lancashire  is  160  perches  <^  21  feet,  or 
70,560  square  feet.  The  acre  of  Oheshire  and  Staff>rdshire,  is 
160  perches  of  24  feet,  or  92,160  square  feet.  The  acre  of  Wilt- 
shire is  120  perches  of  IG^  feet,  or  32,670  square  feet.  The  acre 
in  Scotland  consists  of  10  square  chains,  each  of  74  feet,  and  there* 
fore  contains  54,760  square  feet.  The  acre  in  Ireland  is  tiie 
same  as  the  Lancashire.    The  cham  is  84  feet  long. 

The  French  units  of  land-measure  are  the  Are  s»  100  square 
MetreSy = 0.0247  acre,  =  one  fortieth  of  an  acre,  nearly ;  and  tiie 
Hectare  =  100  Ares  =i  2.47  acres,  or  nearly  two  and  a  half. 
Their  old  land-measures  were  the  "  Arpent  of  Paris,"  containing 
86,800  square  feet;  and  the  "Arpent  of  Waters  and  Woods/' 
containing  55,000  square  feet. 

(58)  When  the  content  of  a  piece  of  land  (obtained  by  any  of 
the  methods  to  be  explained  presently)  is  ^yen  in  square  links,  as 
is  customary,  cut  off  four  figures  on  the  right,  (i.  e.  divide  by 
10,000),  to  get  it  into  square  chains  and  decimal  parts  of  a  chain ; 
cut  off  Ihe  right  hand  figure  of  the  eqvuxre  dunnSy  and  the  remain- 
ing figures  will  be  Acres.  Multiply  the  remainder  by  4,  and  the 
figure,  if  any,  outside  of  the  new  decimal  point  will  be  Hoods. 

•  Let  the  yooog  itndenl  beware  of  conroaoding  10  square  chaini   with  16 
chaiui  square.    The  former  make  one  acre ;  the  latter  space  contains  ten  acres. 
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Multiply  the  renudnder  bj  40,  and  the  ontside  figures  irill  be 
Perches^    The  nearest  round  number  is  usually  taken  for  the 
Perches ;  fractions  less  than  a  half  perch  being  disregarded.* 
Thus,  86.22  square  chains=  8  Acres  2  Roods  20  Perches. 


Also,  64.1818 

do. 

1=6  A. 

IR. 

27  P. 

«     43.7564 

do. 

=  4  A. 

IR. 

20  P. 

««     71.1065 

do. 

=  7  A. 

OR. 

18  P. 

«     82.50 

do. 

«8A. 

IR. 

OP. 

«       8.250 

do. 

=  0A. 

8R. 

12  P. 

«       0.8250 

do. 

=:0A. 

OR. 

13  P. 

(5f  )  The  following  Table  gjives  by  mere  inspection  the  Hoods 
and  Perches  corresponding  to  the  Decimal  parts  of  an  Acre.  It 
explains  itself. 


B00D8. 

B00D8. 

■w 

— 

0 

1 

2 

3 

Perchei. 

0 

1 

2 

3 

Perchei. 

.000 

.250 

.500 

.750 

+  0 

.131 

.381 

.631 

.881 

+21 

.006 

.256 

.506 

.756 

+ 1 

.137 

.387 

.637 

.887 

+22 

.012 

.262 

.512 

.762 

+  2 

.144 

.394 

.644 

.894 

+23 

.019 

.269 

.519 

.769 

+  8 

.150 

.400 

.650 

.900 

+24 

.025 

.275 

.525 

.775 

+  4 

.156 

.406 

.656 

.906 

+25 

.081 

.281 

.531 

.781 

+  5 

.162 

.412 

.662 

.912 

+26 

a 

.087 

.287 

.537 

.787 

+  6 

£ 

.169 

.419 

.669 

.919 

+27 

.044 

.294 

.544 

.794 

+  7 

S 

.175 

.425 

.675 

.925 

+28 

s 

.050 

.800 

.550 

.800 

+  8 

8d 

.181 

.431 

.681 

.931 

+29 

o 

.056 

.806 

.556 

.806 

+  9 

"5 

.187 

.437 

.687 

.937 

+30 

1 

.062 

.812 

.562 

.812 

+10 

s 

CO 

.194 

.444 

.694 

.944 

+31 

s. 

.069 

.819 

.569 

.819 

+11 

p. 

.200 

.450 

.700 

.950 

+32 

1 

.075 

.325 

.575 

.825 

+12 

"a 
J 

.206 

.456 

.706 

.956 

+33 

■l 

.081 

.381 

.581 

.831 

+13 

.212 

.462 

.712 

.962 

+84 

& 

.087 

.337 

.587 

.837 

+14 

o 

.219 

.469 

.719 

.969 

+35 

.094 

.344 

.594 

.844 

+15 

.225 

.475 

.725 

.975 

+36 

.100 

.350 

.600 

.850 

+16 

.231 

.481 

.731 

.981 

+37 

.106 

.856 

.606 

.856 

+17 

.237 

.487 

.737 

.987 

+88 

.112 

.862 

.612 

.862 

+18 

.244 

.494 

.744 

.994 

+89 

.119 

.869 

.619 

.869 

+19 

.250 

.500 

.750 

1.000 

+40 

.125 

.876 

.625 

.875 

+20 

(M)  Ckain  Correction*  When  a  surrey  has  been  made,  and 
flie  plat  has  been  drawn,  and  the  content  calculated )  and  after- 

*  To  reduce  aqnare  yards  to  acrei,  instead  of  dividing  by  4840,  it  is  easier,  and 
TVj  nearly  correct,  to  mnltiply  by  2,  cut  off  foar  figures,  and  add  to  this  product 
oofl-tfaird  of  one-tenth  of  itseu. 
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iraidfl  iihe  chain  is  found  to  have  been  incorrect,  too  short  or  too 
long,  the  trae  content  of  the  land,  may  be  found  by  this  proportion : 
As  the  square  of  the  lengtti  of  the  standard  ^yen  by  the  incorrect 
chain  Is  to  ike  square  (riTthe  true  length  of  the  standard  So  is  the  cal- 
culated content  To  the  true  content.  Thus,  suppose  that  the  chahi 
used  had  been  so  stretched  that  the  standard  distance  measured  by 
it  appears  to  be  only  99  links  long ;  and  that  a  square  field  had 
been  measured  by  it,  each  side  containing  10  of  these  long  chains, 
and  that  it  had  been  so  platted.  This  plat,  and  therefore  the  con- 
tent calculated  from  it,  will  be  smaller  than  it  should  be,  and  the 
eorrect  content  will  be  found  by  the  proportion  99^  :  100>  :  :  100 
eq.  chains  :  102.03  square  chains.  If  the  chun  had  been 
stretched  so  as  to  be  101  true  links  long,  as  found  by  comparing 
it  with  a  correct  chain,  the  content  would  be  given  by  this  propor- 
tion: 100^  :  101'  : :  100  square  chains  :  102.01  square  chains. 
In  Ihe  former  case,  the  elongation  of  the  chain  was  1^^  true  links ; 
and  100'  :  (101^)'  : :  100  square  chains  :  102.08  square 
chains. 

(61)  Boudary  Lines*  The  lines  which  are  to  be  conadered 
as  bounding  the  land  to  be  surveyed,  are  often  very  uncertain, 
unless  specified  by  the  titie  deeds. 

If  the  boundary  be  a  brook,  the  middle  of  it  is  usually  the  boun- 
dary Ime.  On  tide-waters,  the  land  is  usually  considered  to  extend 
to  low  water  mark. 

Where  hedges  and  ditches  are  the  boundaries  of  fields,  as  is 
almost  universally  the  case  in  England,  the  dividing  line  is  gene- 
rally the  top  edge  of  the  ditch  farthest  from  the  hedge,  both  hedge 
and  ditch  belongmg  to  the  field  on  the  hedge  side.  This  varies, 
however,  with  Ihe  customs  of  the  locality.  From  three  to  six  feet 
from  the  roots  of  the  quickwood  of  the  hedges  are  allowed  for  the 
ditches. 
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METHODS  OF  CALCULATION. 
(42)  The  yariouB  metibods  emj^oyed  in  calculating  the  content 
of  a  pieoe  of  ground,  may  be  reduced  to  four,  irbich  may  be  called 
AnOimetiealy  G^eametriealy  Jnstrumentalf  and  jRigonametrieat. 

(tt)  FIBST  IHETHM).— AEITHIHETICALLT;  From  direct 
meanaremmU  of  the  neee%mry  lines  on  the  ground. 

The  figures  to  be  calculated  by  thifl  method  may  be  either  the 
shapes  of  the  fields  which  are  measured,  or  those  into  which  ilie 
fields  can  be  divided  by  measuring  various  lines  across  them. 

The  familiar  rules  of  mensuration  for  the  principal  figures  whidb 
occur  in  practice,  will  be  now  briefly  enunciated. 

<M)  RectaniiOS*  If  the  piece  of  ground  be  rectangular  in 
shape,  its  content  is  found  by  multiplying  its  length  by  its  breadth. 

(C5)  TriailgkS*  When  the  ^ren  quantities  are  one  side  of  a 
triangle  and  the  perpendicular  distance  to  it  from  the  opposite 
angle ;  the  content  of  the  triangle  is  equal  to  half  the  product  of 
^  nde  and  the  perpendicular. 

When  the  ^ven  quantities  are  the  three  sides  of  the  triangle ; 
add  together  the  three  ndes  and  divide  the  sum  by  2 ;  from  this 
half  sum  subtract  each  of  the  three  sides  in  turn ;  multiply  together 
the  half  sum  and  the  three  remainders ;  take  the  square  root  of  the 
product ;  it  is  the  content  required.  If  the  sides'  of  the  triangle 
be  designated  by  a,  5,  e^  and  their  sum  by  9,  this  rule  will  g^ve  ila 


*  When  two  gidei  of  a  triangle,  and  Ae  inclnded 
oifle  are  given,  ita  content  eqnali  half  the  prodnct 
of  its  ftdoB  into  the  aine  of  the  inelnded  angle.  De- 
tignating  the  anfflea  of  the  triangle  bj  the  capital 
lettera  A,B,0,  and  the  lidea  oppoaite  them  by  the  cor- 
mponding  small  letters  ajb^^  the  area  ^kbe  rin.  A.    ^^ 

When  one  side  of  a  triangle  and  the  adjacent  an-    **"  P 

ries  are  given,  its  content  equals  the  square  of  the  given  side  mnlti plied  by  the 
imea  of  each  of  the  given  angles,  and  divided  by  twice  the  sine  of  the  sum  ol 

dn.  B .  dn.  O 
diese  angles.    Using  the  same  symbols  as  before,  the  area  mma'^  'idnTcBT^ 

When  the  three  angles  of  a  triangle  and  its  altitude  are  given,  its  area,  referring 

to  the  above  figure,  — I  BDa  .^^^O' 
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(66)  Parallelograns ;   or  four-sided  figures  Trhose  opposite 
sides  are  parallel.    The  content  of  a  ParaUelogram  equals  the' 
product  of  one  of  its  sides  bj  Ihe  perpendicular  distance  between  it 
and  the  side  parallel  to  it. 

(67)  Trapezalis ;  or  fouiH^ided  figures,  two  oppomte  rides  of 
which  are  parallel.  The  content  of  a  Trapezoid  equals  half  the 
product  of  the  sum  of  the  parallel  sides  bj  the  perpendicular  dis- 
tance between  them. 

If  the  ^yen  quantities  are  the  four  sides  a,  by  e,  dy  of  which  ^ 
and  d  are  parallel ;  then,  making  j  =»  ^  (a  +  i  +  e — cZ),  the  area 

ofthetrapezoidwin  =  L±4^[?(?— «)(?— 0(?— *  +  ^-]*   ' 
0  —  a  ' 


(68)  <tiia4rilaterals,  or  Trapexliuis ;  four-sided  figures,  Aone 
of  whose  sides  are  parallel. 

A  very  gross  error,  often  committed  as  to  this  figure,  is  to  take 
the  average,  or  half  sum  of  its  opposite  sides,  and  multiply  them 
together  for  the  area :  thus,  assuming  the  trapezium  to  be  equiva- 
lent to  a  rectangle  with  these  averages  for  sides. 

In  practical  surveying,  it  is  usual  to  measure  a  line  across  it 
firom  comer  to  comer,  thus  dividing  it  into  two  triangles,  whose 
ndes  are  known, and  which  can  therefore  be  calculated  by  Art.(6S).t 

*  When  two  parallel  lides,  h  and  <2,  and  a  third  lide,  a,  are  KiTen*  and  alio  the 
angle,  C,  which  this  third  side  makes  with  one  of  the  paraUel  sides,  then  the 
content  of  the  trapezoid b>_^  .  a .  sin.  0. 

t  When  two  opponU  sides,  and  all  the  angles  are  given,  take  one  side  and  its  ad> 
jacent  angles,  (or  their  supplements,  when  their  sam  exceeds  180*^),  consider 
them  as  belonging  to  a  tnaogle,  and  find  its  area  by  the  second  formula  in  the 
note  on  page  43.  Do  the  same  with  the  other  side  and  its  adjacent  angles.  The 
difference  of  the  two  areas  will  be  the  area  of  the  quadrilateral. 

When  three  stdes  and  (kar  two  included  angles  are  given,  multiply  together  the  siiM 
of  one  given  ansle  and  its  adjacent  sides.  ^  Do  the  same  with  the  sine  of  the  other 

S'ven  angle  and  its  adjacent  sides.  Multiply  together  the  two  opposite  sides  and 
e  sine  of  the  supplement  of  the  sum  of  the  given  angles.  Add  toother  the  first 
two  products,  and  add  also  the  last  product,  if  the  sum  of  the  given  angles  is 
more  than  180®,  or  subtract  it  if  this  sum  be  less,  and  take  half  the  result  Call* 
ing  the  giveu  sides,  p,  q,  r  ;  and  the  angle  between  o  and  ^  sss  A ;  and  the  angle 
between  a  and  r  aa  B  ;  the  area  of  the  quadrilateral 

—  I  [p  .  9 .  sin.  A  +  g .  r .  sin.  B  ^p  ,r  ,m,  f  180*  —  A  —  B)]. 
When  the  four  sides  and  the  sum  of  any  two  opposite  anglee  are  gioen,  proceed 
thus :  Take  half  the  sum  of  the  four  given  sides,  and  from  it  subtract  each  side 
in  turn  Multiply  together  the  four  remainders,  and  reserve  the  product  Mul- 
tiply together  the  four  sides.  Take  half  their  product,  and  mbliiply  it  by  the 
ooime  of  tae  given  sam  of  the  angles  increased  by  nnity.    Begard  the  sign  of 
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(M)  Surfaces  bounded  h/  irregularly  curved  Knee.  The  rules 
for  these  Tvill  be  more  appropriatelj  giyen  in  conneotion  with  the 
Barveys  which  measure  the  necessary  lines ;  as  explained  in  Part 

n,  Chap.  m. 

(70)  SECOND  HETHOD.— CEOHETRICALLT.  From  mech 
mmremenU  of  the  neceeearjf  lines  upon  the  plat. 

(71)  DtTlskm  Into  Trlasglos*  The  plat  of  a  piece  of  ground 
having  been  dravm  from  the  measurements  made  by  any  of  the 
methods  which  will  be  hereafter  explained,  lines  may  be  drawn 
upon  the  plat  so  as  to  divide  it  into  a  number  of  triaagles.    Four 

Fig.  31.  Fig.  32.  Fig.  33.  Fig.  34. 


ways  of  doing  this  are  shown  in  the  figures :  viz.  by  drawing  lines 
from  one  comer  to  the  other  comers ;  from  a  pomt  in  one  of  the 
sides  to  the  comers ;  from  a  point  inside  of  the  figure  to  the  cor- 
ners ;  and  firom  various  comers  to  other  comers.  The  last  method 
is  nsually  the  best.  The  lines  ought  to  be  drawn  so  as  to  make 
the  triangles  as  nearly  equilateral  as  possible,  for  the  reasons  given 
in  Party. 

One  side  of  each  of  these  triangles,  and  the  length  of  the  per- 
pendicular let  Ml  upon  it,  being  then  measured,  as  directed  in 
Art.  (43,)  the  content*  of  these  triangles  can  be  at  once  obtained 
by  multiplying  their  base  by  their  altitude,  and  dividing  by  two. 

The  easiest  method  of  get&ig  the  length  of  the  perpendicular, 
without  actually  drawing  it,  is,  to  set  one  point  of  the  dividers 
at  the  angle  from  which  a  perpendicular  is  to  be  let  fall,  and  to 

the  cofline.  Subtract  thii  product  from  the  reeerred  product,  and  take  the  sqaare 
root  of  the  remainder.  ^It  will  be  the  area  of  the  quadrilateral 

Wken  thefaw  ndet,  and  the  angle  of  mterteelion  of  the  diagonaU  of  the  qumk&^ 
ieral  are  given ;  square  each  side ;  add  together  the  squares  of  the  opposite 
sides ;  take  the  difference  of  the  two  sums ;  multiply  it  by  the  tangent  of  the 
angle  of  intersection,  and  divide  by  four.    The  quotient  will  be  the  area. 

Wken  the  diagonaU  of  ike  puutrilateral,  and  tkeir  included  angle  are  gtoen^  mul- 
tiply together  the  two  diagonals  and  the  sine  of  their  included  angle,  and 
dinde  ^  two.     The  quotient  will  be  the  area. 
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open  and  shut  fheir  legs  tiD  an  arc  deeeribed  by  ibo.  other  poinl 
wOl  just  touch  the  oppoedte  dde. 

Odierwise ;  a  platting  scale,  (described  m  Art.  (!•)  maj  b» 
placed  so  that  the  zero  point  of  its  edge  coincides  inHk  the  angjle, 
and  one  of  its  cross  lines  coincides  with  tiie  side  to  which  a  perpen- 
dicular is  to  be  drawn.  The  length  of  the  perpendicular  can  then 
at  once  be  read  off. 

The  method  of  dividing  the  plat  into  triangles  is  the  one  most 
commonly  employed  by  surveyors  for  obtaining  the  contlBnt  of  a 
survey,  because  of  ihe  simplicity  of  the  calculations  required.  Its 
correctness,  however,  is  dependant  <m  ibe  accoracy  of  tlie  plai^ 
and  on  its  scale,  which  should  be  as  large  as  possible.  Three 
chains  to  an  inch  is  the  smallest  scale  allowed  by  the  En^ish 
Tithe  Commissionen  for  plats  from  which  the  content  is  to  be 
determined. 

In  calculating  in  this  way  the  content  of  a  femn,  and  also  of  its 
separate  fields,  the  sum  of  the  latter  ought  to  equal  the  former. 
A  difference  of  one  three-hundredth  (7^)  is  considered  allowable. 

Some  surveyors  measure  the  perpendiculars  of  iiie  triangleB  by 
a  scale  half  of  that  to  which  the  ipbkt  is  made.  Thus,  if  the  scale 
of  the  plat  be  2  chains  to  tiie  inch,  the  perpendiculars  are  mea' 
sured  with  a  scale  of  one  chain  to  the  inch.  The  product  of  the 
base  by  the  perpendicular  thus  measured,  gives  the  area  of  the 
triangle  at  once,  without  its  requiring  to  be  divided  by  two. 

Another  way  of  attaining  the  same  end,  with  less  danger  of  m]»- 
ta<kes,  is,  to  coustruct  a  rtew  scale  of  equal  parts,  longer  than  those 
by  which  the  plat  was  made  in  the  ratio  V2:l;  or  1.414:1. 
When  the  base  and  perpendicular  of  a  triangle  are  measured  by 
this  new  scale  and  then  multiplied  together,  the  product  will  be 
the  content  of  the  triangle,  without  any  division  by  two.  In  this 
method  there  is  the  additional  advantage  of  the  greater  siae  and 
consequent  greater  distinctness  of  the  scale. 

When  the  measurement  of  a  plat  is  made  spie  time  after  it.  has 
been  drawn,  the  paper  will  very  probably  have  contracted  or 
expanded  so  that  the  scale  used  will  not  exactly  apply.  In  thai 
case  a  correction  is  necessary.  Measure  very  precisely  the  present 
length  of  some  line  on  the  plat,  of  known  lengUi  ori^nally.    Then 
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make  this  proportion:  As  iihe  square  of  the  present  length  of  this 
line  Is  to  it^  square  of  its  original  lengtii,  So  is  the  content  obtain 
ed  bj  the  present  measurement  To  the  true  content. 

(72)  OrapMcal  MuMplication.  Prepare  a  strip  of  drawing 
paper,  of  a  width  exactly  equal  to  two  chains  on  the  scale  of  the 
plat;  i.  e.  one  inch  wide,  as  in  the  figure,  for  a  scale  of  two  chains 
to  1  inch ;  two-thirds  of  an  mch  wide  for  a  scale  of  3  chains ;  half 
an  inch  for  4  chains ;  and  so  .on.  Draw  perpendicular  lines  across 
the  paper  at  distances  representing  one-tenth  of  a  chain  on  the  scale 
of  the  triangle  to  be  measured,  thus  maJdng  a  platting  scale.  Apply 
it  to  die  trian^e  so  that  one  edge  of  the  scale  shall  pass  throu^ 
one  comer.  A,  of  the  triangle,  and  the  other  edge  through  anotlier 

Fig.  35. 


comer,  B ;  and  note  very  precisely  what  divisions  of  the  scale  are 
at  these  pcnnts.  Then  slide  the  scale  in  such  a  way  that  the 
pcnnts  of  the  scale  which  had  coincided  with  A  and  B,  shall  always 
remain  on  the  line  BA  produced,  till  the  edge  arrives  at  the  point 
C.  Then  will  A'C,  that  is,  the  distance,  or  number  of  divisions  on 
Hie  scale,  from  the  point  to  which  the  division  A  on  the  scale  has 
arrived,  to  the  third  comer  of  the  triangle,  express  the  area  of  the 
triangle  ABO  in  square  chains.* 

•For,  from  0  draw  a  parallel  to  AB,  meeting  the  edge  of  the  scale  in  C'l  and 
draw  G'B.  Then  the  given  triangle  ABO  «>  ABC.  Bnt  the  area  of  this  last 
triaofle  =  AC  multiplied  by  half  the  width  of  the  scale,  i.  e.  =»  AC  X  1  =■  AC. 
Bat,'becaase  of  the  parallels,  A'O  ssa  AC.  Therefore  the  area  of  the  given  trian- 
gle ABC  s  A'O  i.  e.  it  is  pqnal  in  square  chains  to  the  namber  of  linear  chaini 
read  off  from  the  scale.   This  ingenious  operation  is  due  to  if.  Cvnniury, 
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(73)  MylsiOB  into  Trapwoiis.  A  line  may  be  draim  acroaa 
the  field,  as  in  Hg.  36,  and  perpen- 
diculars drawn  to  it.  The  field  will 
thus  be  divided  into  trapezoids,  (ex- 
cepting a  triangle  at  each  end), 
and  their  content  can  be  calculated 
by  Art.  (67). 

Otherwise ;  a  line  may  be  drawn 
outside  of  the  figure,  and  per- 
pendiculars to  it  be  drawn  from 
each  angle.  In  that  case  the 
difference  between  the  trapezoids 
formed  by  lines  drawn  to  the 
outer  an^es  of  the  figure,  and 
those  drawn  to  the  inner  angles, 
will  be  the  content. 

This  method  is  very  advantageously  applied  to  surveys  by  the 
compass ;  as  will  be  explained  in  Part  HE,  Chap.  YI. 


Two  sets]  of  parallel  lines,  at 

Fig.  38. 


(74)  Division  inta  JStajjnares. 

ri^t  angles  to  each  omer, 
one  chain  apart  (to  the  scale 
of  the  plat)  may  be  drawn 
over  the  plat,  so  as  to  divide 
it  into  squares,  as  in  the 
figure.  The  number  of 
squares  which  fall  within  the 
plat  represent  so  many  square  j 
chains ;  and  the  triangles  and 
trapezoids  which  fall  outside 
of  these,  may  then  be  calcu- 
lated and  added  to  the  entire  square  chains  which  have  been 
counted. 

Instead  of  drawing  the  parallel  lines  on  the  plat,  they  may  bet- 
ter be  drawn  on  a  piece  of  transparent  "  tracmg  paper,"  which  is 
smply  laid  upon  the  plat,  and  the  squares  counted  as  before.    3Sie 
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flame  paper  irill  answer  for  aaj  nmnber  of  plaiB  drawn  to  iiie  same 
Male.  This  method  is  a  valuable  and  easy  check  pn  the  resoliB  of 
o&er  calculations. 

To  calculate  the  fractional  parts,  prepare  a  piece  of  tracing 
paper,  or  h<»n,  b j  drawing  on  it  one  square  of  tiie  same  dse  as  a 
square  of  the  plat,  and  sabdividing  it,  bj  two  sets  of  ten  parallels  at 
right  angles  to  each  otiier,  into  hundredths.  This  will  measure  tiie 
fractions  remaining  from  the  former  measurement,  as  nearlj  as  can 
be  desired. 

(75)  DlTifliei  iMto  ParallelograM.  Draw  a  series  of*  paral- 
lel lines  across  the  plat  at  equal  distances  depending  on  the  scale. 
Thus,  for  a  plat  made  to  a  scale  of  2  chains  to  1  inch,  the  distance 
between  the  parallels  should  be  2^  inches ;  for  a  scale  of  8  chains 
to  1  inch,  1^  mch ;  for  a  scale  of  4  chains  to  1  inch,  f  inch ;  for 
a  scale  of  5  chains  to  1  inch,  ^  inch;  and  for  any  scale,  make  the 
distance  between  the  parallels  that  fraction  of  an  inch  which  would 
be  expressed  by  10  divided  by  the  square  of  the  number  of  chains 
to  the  inch.  Then  apply  a  common  inch  scale,  divided  on  the 
edge  into  tenths,  to  these  parallels ;  and  eveiy  inch  in  length  of 
tiie  spaces  included  between  each  pair  of  them  will  be  an  acre,  and 
every  tenth  of  an  inch  will  be  a  square  chain.* 

To  measure  the  triangles  at  the  ends  of  the  strips  between  the 
parallels,  prepare  a  piece  of  transparent  horn,  or  stout  tracing 
paper,  of  a  width  equal  to  the  width  between  the  parallels,  and 
draw  a  line  through  its  middle  long^itudinally.  ApfJy  it  to  the 
oblique  line  at  the  end  of  the  space  between  Fig.  39. 

two  parallels,  and  it  will  bisect  the  line,  and 
thus  reduce  the  triad|le  to  an  equivalent 
rectangle,  as  at  A  in  the  figure.  When  an 
angle  occurs  between  two  parallels,  as  at  B 
in  the  figure,  the  firactional  part  may  be 
measured  by  any  of  the  precedi^  metiiods. 

*  For,  calling  the  nvmber  of  chaina  tome  inch,  »  »» md  mftldng  the  width  be 
tweeo  the  parallelB  -r  inob,  this  width  will  represent  --.  x  n  »  — chains ;  end 

•s^mchlength lepresentm chains, their piodact,.—  X  fi^lO  square  chaina 
fiacre. 
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A  Bomewhat  omilar  method  is  much  naed  b j  some  mureyors, 
particularij  in  Lreland :  the  pl«t  being  made  on  a  scale  of  5  chains 
to  1  inch,  parallel  lines  bemg  drawn  on  it,  half  an  inch  apart,  and 
the  distances  along  the  parallels  being  measured  by  a  scale,  each 
large  division  of  which  is  •^  inch  in  length.  Each  dividon  of  tlus 
scale  indicates  an  acre ;  for  it  represents  4  chains,  and  the  distance 
between  the  parallels  is  2^  chains.  This  scale  is  called  the  ^^  Scale 
of  Acres." 


(7<)  Addltf  OM  #r  Widths,  When  the  lines  of  the  plat  are  very 
irregularly  cnrved,  as  in  the  Fig.  40. 

figure,  draw  across  it  a  num- 
ber of  equi-distant  lines  as  near 
together  as  the  case  may  seem 
to  require.  Take  a  strai^t- 
edged  piece  of  paper,  and.apply  one  edge  of  it  to  the  middle  of 
the  first  space,  and  mark  its  length  from  one  end ;  apply  the  same 
edge  to  the  middle  of  the  next  space,  bringmg  the  mark  just  made 
to  one  end,  and  making  another  mark  at  the  end  of  the  additicmal 
length ;  so  go  on,  adding  the  length  of  each  space  to  the  previous 
ones.  When  all  have  been  thus  measured,  the  total  lengtji,  mul* 
tiplied  by  the  uniform  width,  will  give  the  content.     >,^ 

(77)  THIRD  llIETH0D.-ra8TRVMEinrALLT.  By  perform^ 
mg  certain  instrwm^riJtal  cperationa  an  the  plat. 

(78)  Beduetion  of  a  many  sided  figure  to  a  tingle  equivalent 
triangle.  Any  plane  figure  bounded  by  straight  lines  may  be 
reduced  to  a  single  triangle,  which  shaQ  We  the  same  content. 
This  can  be  done  by  any  instrument  for  curawing  parallel  lines, 


such  as  those  described  in  Art. 
(!•)•  Let  the  trapezium,  or 
four  sided  figure,  shown  in  Kg. 
41,  be  required  to  be  reduced 
to  a  single  equivalent  triangle. 
Produce  one  side  of  the  figure, 

as  4 1.    Draw  a  line  firom 

the  first  to  the  third  angle  of 


Fig.  41. 
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the  figure.  From  the  second  angle  draw  a  parallel  to  the  fine  just 
drawn,  cutting  the  prodaced  side  in  a  point  1^  From  the  point  1' 
draw  a  fine  to  the  third  angle.  A  triangle  (r — 8  —  4  in  the 
figore)  will  thus  be  formed,  which  will  be  equivalent  to  the  ori^nal 
trupezium.* 

The  content  of  this  final  triangle  can  then  be  found  by  measup* 
mg  its  perpendicular,  and  taking  half  the  product  of  this  perpendi* 
eular  by  the  base,  aa  in  the  first  paragraph  of  Art.  (C5). 

(79)  Let  the  ^ven  figure  have  five  ddes,  as  in  Hg.  42.  For 
brevity,  the  angles  Fig.  42. 

of  the  figure  will  be 
named  as  numbered 
in  the  engraving. 
Produce  6 — 1. 
Joinl  —  8.  From 
2  draw  a  parallel  to 
1  —  8,  cutting  the  jfc^ 
produced  base  in  r.  Job  T — 4.  From  8  draw  a  parallel  to  it, 
cutting  the  base  in  2'.  Join  2'  —  4.  Then  will  the  triangle 
2' — 4 — 5  be  equivalent  to  the  five  fflded  figure  1 — 2 — 8 — 4 — 6, 
for  dmilar  reasons  to  those  of  the  precedmg  case. 

(«5  Let  the  given  figure  be  1—2—8—4—6—6—7—8, 
as  shown  in  ilg.  48,  ^ven  at  the  top  of  the  following  page.  All 
the  operations  are  shown  by  dotted  fines,  and  the  finally  resulting 
triangle  6' — 7 — 8,  is  equivalent  to  the  origjoal  figure  of  eight 
ades. 

It  is  best,  in  choosing  the  dde  to  be  produced,  to  take  one  which 
has  a  long  side  adjoining  it  on  the  end  not  produced ;  so  that  this 
long  side  may  form  one  side  of  the  final  triangle,  the  base  of  which 
will  tlierefore  be  shorter,  and  will  not  be  cut  so  acutely  by  the 
final  line  drawn,  as  to  make  the  point  of  intersection  too  indefinite. 


*  Fdr,  the  triangle  1— Q— 3  taken  away  from  the  original  figare  i«  equivalent 
to  the  triansle  1'— 1-^  added  to  it ;  beoauie  both  theae  trianglea  hare  the  nime 
baae  and  abo  the  lame  altitudoi  nnce  the  yertioea  of  both  lie  in  the  aame  line 
parallel  to  the  baae. 
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(81)  General  BuU.  When  the  ^ven  figure  has  manj  ndes, 
ynSi  angles  aometimes  salient  and  sometimes  re-entering,  the  opera- 
tions of  reduction  are  veiy  liable  to  errors,  if  the  draftsman  attempts 
to  reason  out  each  step.  All  difficulties,  however,  will  be  removed 
by  the  following  G-mercH  Bnle : 

1*  Produce  one  side  of  the  figure,  and  call  it  a  base.  Call  one 
of  the  angles  at  the  base  the  first  angle,  and  number  the  rest  in 
regular  succession  around  the  figure. 

2.  Draw  a  line  fix>m  the  Ist  angle  to  the  8d  an^e.  Draw  a 
parallel  to  it  from  the  2d  angle.  Call  the  intersections  of  this 
parallel  with  the  base  the  1st  mark. 

8.  Draw  a  line  from  the  1st  mark  to  the  4th  angle.  Draw  a 
parallel  to  it  from  the  8d  angle.  Its  intersection  with  the  base  is 
the  2d  mark. 

4.  Draw  a  line  firom  the  2d  mark  to  the  5th  angle.  Draw  a 
parallel  to  it  firom  the  4th  an^e.  Its  intersection  with  the  base  is 
the  8d  mark. 

5.  In  general  terms,  which  apply  to  every  step  after  the  first, 
draw  a  line  firom  the  last  mark  obtained  to  the  angle  whose  number 
ia  greater  by  three  than  the  number  of  the  mark:  Draw  a  parallel 
to  it  through  the  angle  whose  number  is  greater  by  two  than  that 
of  the  mark.  Its  intersection  with  the  base  will  be  a  mark  whose 
number  is  greater  by  one  than  that  of  the  preceding  mark.* 

In  the  concise  langaaffe  of  Algebra,  draw  a  line  from  the  nth  mark  to  the 
n-j-Z  angle.  Draw  a  parallel  to  it  through  tbe  n+2  angle,  and  the  intenectioii 
with  the  baae  will  be  the  a-f-1  mark. 
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6.  Bepeat  this  process  fi>r  each  angle,  till  you  get  a  mark  whose 
number  is  sach  that  the  angle  having  a  number  greater  by  three  is 
the  last  angle  of  the  figure,  i.  e.  the  angle  at  the  other  end  of  the 
base.  Then  join  the  last  mark  to  the  angle  which  precedes  the 
last  angle  in  the  figure,  and  the  triangle  thus  formed  T?ill  be  the 
equiyalent  triangle  required. 

In  practice  it  is  vmaMee^scary  to  actually  draw  the  lines  joinmg 
the  succesfflve  angles  and  marks,  but  the  parallel  ruler  is  merely 
laid  on  so  as  to  pass  through  them,  and  the  pomts  where  the 
parallels  cut  the  base  are  alone  marked. 


(82)  It  is  generally  more  convenient,  for  the  reasons  ^ven  at 
the  end  of  Art.  (SO)*  to  reduce  _  Fig-  44- 

half  of  the  figure  on  one  side  and 
half  on  the  other,  as  is  shown  in 
Hg.  44,  which  represents  the  same 
field  as  Hg.  42.  The  equivalent 
triangle  is  here  1' — 8 — 2'. 

When  the  figure  has  many  angles, 

they  should  not  be  numbered  con-   ^     i $ ^i 

secutively  all  the  way  around,  but,  after  the  numbers  have  gone 
arounias  fiur  as  the  angle  where  it  is  intended  to  have  the  vertex 


ipj: 


Fig.  45. 


'sr^ — a» — s 3r 1 7       e 

of  the  final  triangle,  the  numbers  should  be  contmued  firom  the 
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other  angle  of  the  base,  as  is  ahoim  in  fig.  45.    In  it  oidy  the 
mteraectionB  are  marked.* 

(8S)  It  18  sometimes  more  coDvenienti  not  to  produce  one  of 
the  sides  of  the  figure,  but  to  dra^r  at  one  end  of  it,  as  at  the  pcnnlr 
1  in  Kg.  46,  an  indefinite  line,  nsually  a  perpendicular  to  a  line 

Fig.  46. 


joining  two  distant  an^es  of  the  figure,  and  make  this  line  the  base 
of  the  eqmyalent  triangjle  desired.  The  operation  is  shown  by  the 
dotted  lines  in  the  figure.  The  same  (General  Rule  applies  to  it, 
as  to  the  previous  figures. 

(84)  Special  InstnuieBts*  A  variety  of  instruments  have 
been  invented  for  the  purpose  of  determining  areas  rapidly  and 
correctij.'  One  of  the  simplest  is  the  ^^  CompuJUng  SccUej^  which 
is  on  the  same  principles  as  the  Method  of  Art.  (75).  It  is  repre- 
sented in  Hg.  47,  ^ven  on  the  following  page.  It  consists  of  a 
scale  divided  for  its  whole  length  firom  the  zero  point  into 
divisdons,  each  representmg  2^  chains  to  the  scale  of  the  plat. 
The  scale  carries  a  slider,  which  moves  along  it,  and  has  a 
wire  drawn  across  its  centre  at  right  angles  to  the  edges  of  the 
scale.  On  each  side  oP  this  wire,  a  portion  of  the  ahder  equal 
in  length  to  one  of  the  primary,  or  2}^  chain,  divisions  of  the  scale, 
is  laid  off  and  divided  into  40  equal  parts. 

This  instrument  is  used  in  connection  with  a  sheet  of  transpa* 
rent  paper,  ruled  with  parallel  lines  at  distances  apart  each  equal 
to  one  cliain  on  the  scale  of  the  plat.    It  is  plain,  that  when  the 

*  A  figure  with  coired  boandariei  may  be  redaced  to  a  triangle  in  a  limilar 
maimer.  Straight  linet  mast  be  drawn  aboat  the  fi^re,  so  ai  to  be  partly  in  it 
and  partly  oat,  givins  and  taking  about  eqnal  quantities,  so  that  the  ficure  which 
these  lines  form,  shall  be  aboat  equivalent  to  the  curved  figure.  This  having 
been  done,  as  wiU  be  farther  developed  in  Art  (124),  the  equivalent  straight 
lined  figure  is  reduced  by  the  above  method. 
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instnunent  is  laid  on  thiB  paper^  with  its  edgeononeof  the 
parallel  lines,  and  the  slider  is  moved  over  one  of  the  divi- 
dons  of  2^  chains,  that  one  roody  or  a  quarter  of  an  acre, 
has  beenmeasured  between  two.  of  tbe  parallel  lines  on  the 
paper  (smce  10  square  chains  make  one  acre) ;  and  that 
one  of  the  smaller  divisions  measures  one  perch  between 
the  same  parallels.  Four  of  the  larger  divisions  give 
one  acre.  The  scale  is  genenuly  made  long  enough  to 
measure  at  once  five  acres. 

To  apply  this  to  the  plat  of  a  Jield,  or  fSum,  lay  the 
transparent  paper  over  it  in  such  a  position  that  two  of 
the  ruled  lines  shall  touch  two  of  the  exterior  points  of 


Fig  47. 


Fig.  48. 


the  boimdaries,  as 

atAandB.    Lay 

the  scale,  with  the 

slide  set  to  zero, 

on  the  paper,  in  a 

direction   parallel 

to  the  ruled  lines, 

and   so  that  the 

wire  of  the  slide 

cuts  the  left  hand 

oblique  line  so  as 

to  make  the  spaces  e  and  d  about  equal.    Hold  the 

scale  firm,  and  move  the  slider  till  the  wire  cuts  the 

ri^t  hand  oblique  line  in  such  a  way  as  to  equalize  the 

spaces  e  and  /.     TVithout  changing  the  slide,  move 

the  scale  down  the  width  of  a  space,  and  to  the  left 

hand  end  of  the  next  space ;  begin  there  agam,  and  proceed  as 

before. 

So  go  on,  till  the  whole  length  of  the  scale  is  run  out,  (five  acres 
having  been  measured),  and  then  begin  at  the  right  hand  side  and 
work  backwards  to  the  left,  reading  the  lower  divisions,  which  run 
up  to  10  acres.  By  continuing  this  process,  the  content  of  plats 
of  any  size  can  be  obtained. 

A  still  simpler  substitute  for  this  is  a  scale  similarly  divided,  but 
without  an  attached  slide.    In  place  of  it  there  is  used  a  piece  of 
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horn  having  a  line  drawn  acroes  it  and  rivetted  to  the  end  of  a 
short  scale  of  box-wood^  divided  like  the  former  slide.  It  is  nsed 
like  the  former,  except  that  at  stariang,  the  zero  of  ihe  short  scale 
and  not  the  line  on  the  horn  is  made  to  coincide  with  the  zero  of 
the  long  scale.  The  slide  is  to  be  held  &8t  toihe  instrmnent  when 
this  is  moved. 

The  FecUometer  is  another  less  simple  instnunent  used  for  &e 
same  object.    It  measures  any  quadrilateral  directly. 

(85)  Some  very  complicated  ^instruments  for  the  same  object 
have  been  devised.  One  of  them,  Sang's  Planameter^  determines 
the  area  of  any  figure,  by  merely  moving  a  pomt  around  the  out- 
line of  the  sur£ftce.  This  causes  motion  in  a  train  of  wheel  work, 
which  registers  the  algebraic  sum  of  the  product  of  ordinates  to 
every  pokit  in  that  perimeter,  by  the  increment  of  their  abscissas, 
and  therefore  measures  the  included  space. 

Instruments  of  this  kmd  have  been  invented  in  Germany  by 
Enist,  Hansen,  and  Wetli* 

(86)  A  purely  mechanical  means  of  determining  the  area  of 
any  sui&ce  by  means  of  its  weight,  may  be  pkced  here.  The  plat 
is  cut  out  of  paper  and  weighed  by  a  delicate  balance.  The 
wei^t  of  a  rectangular  piece  of  the  same  paper  containing  just  one 
acre  is  also  found;  and  the  ^^Rule  of  DRiree"  ^ves  the  content. 
A  modification  of  this  is  to  paste  a  tracing  of  the  plat  on  thin  sheet 
lead,  cut  out  the  lead  to  the  proper  lines  and  wei^  it. 

(87)  FOURTH  METHOD.— TRIfiOHOHETRICALLT.  Bjfcal. 
etUatinff,  from  the  observed  angles  of  the  boundaries  cf  the  piece 
ofgroundythe  lengthsofihe  lines  needed  for  calculating  the  canteni. 

This  method  is  employed  for  surveys  made  with  angular  instru- 
ments, as  the  compass,  &c.,  in  order  to  obtain  the  content  of  the 
land  surveyed,  without  the  necessiiy  of  previously  making  a  {dat, 
thus  avoidkg  both  that  trouble  and  the  inaccuracy  of  any  oalcula* 
taons  founded  upon  it.  It  is  therefore  the  most  accurate  method; 
but  will  be  more  appropriately  explained  m  Part  m.  Chapter  YI, 
under  the  head  of  ^^  Compass  Surveymg.'' 


PART  IL 


CHAIN-SURVEYING; 

By  ihs  First  and  Second  Methods  : 

OR 

DIAGONAL  AND  PERPENDICULAR  SURVEYING. 

(88)  The  chsun  alone  is  abnndantlj  sujScient,  ivithout  the  aid 
of  any  other  instrument,  for  making  an  accurate  survey  of  any 
Bui&ce,  whatever  its  shape  or  size,  pajriicularly  in  a  district  tolera* 
bly  level  and  clear.  Moreover,  smce  a  chain,  or  some  substitute 
for  it,  formed  of  a  rope,  of  leather  driving  reins,  &c.,  can  be 
obtained  by  any  one  in  the  most  secluded  place,  this  method  of 
Surveying  deserves  more  attention  than  has  usuaUy  been  given  to 
it  in  this  country.  It  Yrill,  therefore,  be  fiilly  developed  in  the 
following  chapters. 


CHAPTER  I. 
SURYETINfi  BT  DU60NALS : 

OR 

By  the  Mrst  Method. 

(89)  Surveying  by  Diagonals  is  an  application  of  the  First 
Method  of  determining  the  podtion  of  a  point,  given  in  Art.  (5,)  to 
which  the  student  should  again  refer.  Each  comer  of  the  field  or 
fiurm  which  is  to  be  surveyed  is  ^^  determined"  by  measuring  its 
distances  from  two  other  points.  The  field  is  tiien  ^^  platted" 
by  repeating  this  process  on  paper,  for  each  comer,  in  a  contrary 
order,  and  the  ^^  content"  is  obtained  by  some  of  the  methodB 
explained  in  Chapter  lY  of  Part  I. 
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The  lines  which  are  measured  in  order  to  determine  the  cor- 
ners of  the  field  are  usuallj  sides  and  diagonaU  of  the  irregular 
polygon  which  is  to  be  surveyed.  They  therefore  divide  it  up 
into  triangles ;  whence  this  mode  of  surveying  is  sometimes  caDr 
ed  "  Chain  Triangulation.'' 

A  few  examples  will  make  the  principle  and  practice  perfecfl^ 
clear.  Each  will  be  seen  to  require  the  three  operations  of  meamur- 
inffj  platting^  and  adcvlaiing. 

(90)  A  three-sMei  field ;  as  Fig.  49.  f>k  ^^^ 

Field-work,    Measure  the  three  sides, 
AB^  BO,  and  GA.    Measure  also,  as  a 

proof  line,  the  distance  from  one  of  the  cor-    ^"^ 6Hb' 

ners,  as  0,  to  some  point  in  the  opposite  side,  as  D,  at  which  a 
mark  should  have  been  left,  when  measuring  from  A  to  B,  at  a 
known  distance  from  A.  A  stick  or  twig,  with  a  slit  in  its  top,  to 
receive  a  piece  of  paper  with  the  distance  from  A  marked  on  it, 
is  the  most  convenient  mark. 

Platting.  Choose  a  suitable  scale  as  directed  in  Art.  (44)  • 
Then,  by  Arts.  (42)  and  (49),  draw  a  line  equal  in  length,  on  the 
chosen  scale,  to  one  of  the  sides ;  AB  for  example.  Take  in  the 
compasses  the  length  of  another  side  aa  AC,  to  the  same  scale, 
and  with  one  leg  in  A  as  a  centre,  describe  an  arc  of  a  circle. 
Take  the  length  of  the  third  side  BG,  and  with  B  as  a  centre, 
describe  another  arc,  intersecting  the  first  arc  in  a  point  which  will 
be  the  third  comer  C.  Draw  the  lines  AG  and  BG ;  and  ABO 
will  be  the  plat^  or  miniature  copy — as  explained  in  Art.  (3S) — 
of  the  field  surveyed. 

Instead  of  describmg  two  arcs  to  get  the  point  C,  two  pairs  of 
compasses  may  be  conveniently  used.  Open  them  to  the  lengths, 
respectively,  of  the  last  two  sides.  Put  one  foot  of  each  at  the 
ends  of  the  first  side,  and  bring  their  other  feet  together,  and  their 
point  of  meeting  will  mark  the  desired  third  pomt  of  the  triangle. 

To  "  prove  "  the  accuracy  of  the  work,  fix  the  point  D,  by  setting 
off  from  A  the  proper  distance,  and  measure  the  length  of  the  lina 
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DO,  bj  Art.  (IS).    If  its  length  on  the  plat  corresponds  to  iti 
measurement  on  the  ground,  the  work  is  correct.* 

Calculation.  The  content  of  the  field  may  now  be  found  as 
directed  in  Art.  (C5),  either  from  the  three  sides,  or  more  eadly 
flioug^  not  so  accurately,  by  measuring  on  the  plat,  by  Art.  (48), 
the  length  of  the  perpendicular  CE,  let  &I1  from  any  angle  to  the 
opposite  fflde,  and  taking  half  the  product  of  these  two  lines. 

Example  1.  figure  49,  is  the  plat,  on  a  scale  of  two  chains 
to  one  inch,  of  a  field,  of  which  the  side  AB  is  200  links,  BC  is 
100  links,  and  AG  is  150  links.  ^  Its  content  by  the  rule  of  Art. 
(S5)>  is  0.726  of  a  square  chain,  or  OA.  OR.  12P.  If  the  perpen- 
dicular OE  be  accurately  measured,  it  will  be  found  to  be  12\ 
links.  Half  the  product  of  this  perpendicular  by  the  base  will  be 
found  to  give  the  same  content. 

Ex.  2.  The  three  sides  of  a  triangular  field  are  respectively 
89.89,  54.08,  and  45.98.    Required  its  content. 

Am.    lOOA.  OR.  lOP. 

(M)  A  fov-sMei  MA  \  Fig.  50. 

as  Ilg.  50. 

FiddtWorJc.  Measure  the 
four  ffldes.  Measure  also 
a  diagonal,  as  AC,  thus  di- 
viding the  four-sided  field    

into  two  triangles.     Mea-  ^ 

sure  also  the  other  diagonal,  or  BD,  for  a  "  Proof  line." 

Platting.  Draw  a  Ime,  as  AC,  equal  in  .length  to  the  diagonal, 
to  any  scale,  by  Arts.  (42)  and  (49).  On  each  side  of  it,  con- 
struct a  triangle  with  the  sides  of  the  field,  as  directed  in  the  pre- 
ceding article. 

To  prove  the  accuracy  of  the  work,  measure  on  the  plat  the 
length  of  the  "  proof  line,"  BD,  by  Art.  (43),  and  if  it  agrees 
with  the  length  of  the  same  line  measured  on  the  ground,  the  field 
work  and  platting  are  both  proved  to  be  correct. 

*  It  is  a  universal  principle  in  all  surveying  operations,  that  the  work  most  b« 
tested  by  some  means  independent  of  the  origiod  process,  and  that  the  same  re* 
salt  mast  be  arrived  at  by  two  different  methods.  The  necessary  length  of  this 
proof  line  can  also  easily  be  calculated  by  the  principles  of  Trigonometry. 
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Calculation,  find  the  content  of  each  triangle  s^)aratelj,  aa 
in  the  preceding  case,  and  add  them  together ;  or,  more  briefij, 
multiply  either  diagonal  (the  longer  one  is  preferable)  by  the  snm 
of  the  two  perpendiculars,  and  divide  the  product  by  two. 

OQierwise :  reduce  the  foursided  figure  to  one  trian^e  as  in 
Art.  (78) ;  or,  use  any  of  the  methods  of  the  preceding  chapter. 

Example  8.  In  the  field  drawn  in  Hg.  50,  on  a  scale  of  3  chains 
tc  the  inch,  AB  =  688  links,  BC  =  210,  CD  =  430,  DA  =  274, 
the  diagonal  AG  =  626,  and  the  proof  diagonal  BD  =  500.  The 
total  content  will  be  lA.  OR.  17P- 

Mc.  4.  The  sides  of  a  fou]>sided  field  are  AB  =  12.41,  BO 
c=6.86,  CD  =  8.25,  DA  =  4.24;  the  diagonal  BD  =  11.55, 
and  the  proof  line  AG  =  11.04.    Bequired  the  content. 

Ans.  4A.  2R.  88P. 

Ex.  5.  The  sides  of  a  four-sided  field  are  as  follows :  AB  = 
8.95,  BC  =  6.33,  CD  =  10.10,  DA  =  6.54 ;  the  diagonal  from 
A  to  G  is  11.52 ;  the  proof  diagonal  from  B  to  D  is  10.92.  Be- 
quired the  content.  Asm. 

Ex.  6.  In  a  foui>sided  field,  AB  =  7.68,  BC  =  4.09,  CD  = 
10.64,  DA  =  7.24,  AG  =  10.82,  BD  =  10.74.  Required  the 
content.  Ana. 


(9S)  A  maiy-sMeil  lleM,  as  Hg.  51. 

Fig.  51. 
B 
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Fidd-Wark.  Meaaiire  all  the  sides  of  the  field.  Measure 
also  diagonals  enough  to  divide  the  field  into  triangles ;  of  which 
there  will  always  be  two  less  than  the  number  of  sides.  Choose 
such  diagonals  as  wiQ  divide  the  field  into  triangles  as  nearly  equi- 
lateral as  possible.  Measure  also  one*  or  more  diagonals  for 
^^  Proof  lines."  It  is  well  for  the  surveyor  himself  to  place  stakes 
in  advance  at  all  the  comers  of  the  field,  as  he  can  then  select  the 
best  mode  of  division! 

Platting.  Be^  with  any  diagonal  and  plat  one  triangle,  as  in 
Art.  (90).  Plat  a  second  triangle  adjoinmg  the  first  one,  as  in 
Art.  (91).  Plat  another  adjacent  triangle,  and  so  proceed,  till  all 
have  been  laid  down  m  their  proper  places.  Measure  the  proof 
lines  as  in  the  last  article. 

Calculation.  Proceed  to  calculate  the  content  of  the  figure, 
precisely  as  directed  for  the  four^ided  field,  measuring  the  perpez>' 
diculars  and  calculating  the  content  of  each  triangle  in  turn ;  or 
taking  in  pairs  those  on  opposite  sides  of  the  same  diagonal ;  or 
using  some  of  the  other  methods  which  have  been  explained. 

Example  7.  The  six-sided  field,  shown  in  Fig.  51,  has  the 
lengths  of  its  lines,  in  chains  and  links,  written  upon  them,  and  is 
divided  into  four  triangles,  by  three  diagonals.  The  diagonal 
BE  is  a  ^^  proof-lme."  The  Figure  is  drawn  to  a  scale  of  4  chains 
to  the  mch.    The  content  6i  the  field  is  SAf  3R.  22P. 

Ex.  8.  In  a  five-sided  field,  the  length  of  the  sides  are  as  fot 
lowB :  AB  =  2.69,  BC  =  1.22,  CD  =  2.82,  DE  =  8.55,  EA  «= 
3.28.  The  diagonals  are  AD  =  4.81,  BD  =  8.88.  Bequirod  ite 
content.  Am. 

(93)  A  field  may  be  divided  up  into  triangles,  not  only  by  mea- 
suring diagonals  as  in  the  last  figure,  but  by  any  of  the  methods 
shown  in  the  four  figures  of  Art.  (71).  The  one  which  we  have 
been  employing,  corresponds  to  the  last  of  those  figures. 

StiU  another  mode  may  be  used  when  the  angles  cannot  be  seen 
firom  one  another,  or  from  any  one  point  within.  Take  three  or 
more  convenient  points  withm  the  field,  and  measure  from  them  te 
the  comers,  and  thus  form  different  sets  of  triangles. 
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KEEPING  THE  FIELD  NOTES. 

(94)  By  Sketchi  The  meet  simple  method  is  to  make  a  sketch 
of  Uie  field,  as  nearly  correct  as  the  unassisted  hand  and  eye  can 
produce,  and  note  dowu^n  it  the  lengths  of  all  the  lines,  as  in  Fig. 
51.  But  when  many  other  points  require  to  be  noted,  such  as 
where  fences,  or  roads,  or  streams  are  crossed  in  the  measurement, 
or  any  other  additional  particulars,  the  sketch  would  become  con- 
fused, and  be  likely  to  lead  to  mistakes  in  the  subsequent  platting 
from  it.  The  following  is  therefore  the  usual  method  of  keeping 
the  field-notes.    A  long  narrow  book  is  most  convenient  for  it 

(tS)  b  Colmnsi  Draw  two  parallel  lines  about  an  inch  apart 
from  the  bottom  to  the  top  of  the  page  of  the 
field-book,  as  in  the  mar^.  This  column,  or  pair 
of  lines,  may  be  conceived  to  represent  the  measured 
line,  split  in  two,  its  two  halved  being  then  separated, 
an  inch  apart,  merely  for  convenience,  so  that  the 
distances  measured  along  the  line,  may  be  written  be- 
tween these  halves. 

Hold  the  book  in  the  direction  of  the  measurement.  At  the 
bottom  of  the  page  write  down  the  name,  or  number,  or  letter, 
which  represents  the  station  at  which  .the  survey  is  to  begin. 


A  ^^  station"  is  marked  with  a  trian^e  or  circle,  as 
in  the  margin.    The  latter  is  more  easily  made. 


A 
© 


In  the  complicated  cases,  which  will  be  hereafter  explained,  and 
in  which  one  long  base  line  is  measured,  and  also  many  other  sub- 
ordinate lines,  it  will  be  well,  as  a  help  to  the  memory,  to  mark 
the  stations  on  the  Base  line  with  a  triangle,  and  the  stations  on 
the  other  lines  with  the  ordinary  circle. 


The  station  from  which  the  measure- 
ments are  made  is  usually  put  on  the  left 
of  the  column ;  and  the  station  which  is 
measured  to,  is  put  on  the  right. 


From  A 


0 

562 
0 


toB 
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Bat  it  IS  more  compact^  and  avoids  interfering 
nith  the  notes  of  ^^offiiets"  (to  be  explained  here- 
after) to  Tmte  the  name  or  nmnber  of  the  station 
m  flie  column,  as  in  the  mar^n. 

The  measarements  to  different  points  of  a  line  are 
written  above  one  another.  The  numbers  all  refer 
to  flie  beg^ming  of  the  .line,  and  are  counted  from  it. 


The  end  of  a  measured  line  is  marked  by  a  line 
drawn  across  the  page  above  the  numbers  which 
indicate  the  measurements  which  have  been  made. 

If  the  chaining  does  not  continue  along  the 
adjoining  line,  but  the  chaiib-men  go  to  some 
other  part  of  the  field  to  begin  another  mea- 
surement, ttvo  lines  are  drawn  across  the  page. 


B 

562 
A 

B 

400 

250 

100 

A 


When  a  Ime  has  been  measured,  the  marks 
r  or  T  are  made  to  show  whether  the  follpw- 
lowing  line  turns  to  the  right  or  to  the  left. 

A  line  is  named,  either  by  the  names  of  the  stations  between 
which  it  is  measured,  as  the  line  AB ;  or  by  its  length,  a  line 
562  links  long,  being  called  the  line  562 ;  or  it  is  recorded  as  Line 
No.  1,  Une  No.  2«  &;c ;  or  as  line  on  page  1,  2,  &c.,  of  the 
Held-book. 

When  a  mark  is  left  at  any  pomt  of  a  line, 
as  at  D,  in  Yig,  49,  with  the  intention  of  com- 
ing back  to  it  again,  in  order  to  measure  to 
some  other  point,  the  place  marked  is  caQed  a 
FaUe  Stationy  and  is  marked,  in  the  field-book 
F.  S. ;  or  has  a  line  drawn  around  it,  to  distin- 
guish it ;  or  has  a  station  mark  a  placed  outside 
of  the  column,  to  the  right  or  left,  according  to 
the  direction  in  which  the  measurement  from  it  is 
to  be'  made.  Examples  of  these  three  modes  are 
g^ven  in  the  mar^. 


562 

200 

0 

P.g. 

662 
(200) 
0 

562 

200 

0 

^ 
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A  False  Station  is  named  by  its  podtion  on  ttie  line  where  it 
belongs ;  as  thus— ^<  200  on  562." 

When  a  gate  occurs  in  a  measured  line,  the  distance  firom  the 
beginmng  of  the  line  to  the  side  of  the  gate  first  reached,  is  the 
one  noted. 

When  the  measured  line  crosses  a  fence,  brook, 
road,  &;c.,  they  are  drawn  on  the  field-notes  m 
their  true  direction,  as  nearly  as  possible,  but 
not  in  a  continuous  line  across  the  column,  as  in 
the  first  figure  in  the  mar^,  but  as  in  the  se* 
cond  figure,  so  that  the  two  parts  would  form  a 
continuous  straight  line,  if  the  halves  of  the 
"  split  line"  were  brought  together. 

It  is  conyenient  to  name  the  lines,  in  the  mar^. 
Diagonals,  Proof  lines,  &;c. 

(96)  The  Ileld-notes  of  the  triangular  field  platted  in  Ilg.  49, 
are  ^ven  below,  according  to  both  the  methods  mentioned  in  the 
preceding  Article,  pages  62  and  63. 

In  the  Field-notes  in  the  column  on  the  right  hand,  it  is  not  abso* 
lutely  necessary  to  repeat  the  B  and  C. 


i 

3 

IL 

89 

F.  S. 

toC 

i 

150 

toA 

^FromC 

© 

1. 

i 

100 

toG 

"FromB 

© 

1 

i 

200 

toB 

m 

80 

F.S 

From  A 

© 

PROOF  LINE. 

C 

89 
(80) 

on  200 

i-- 

A 

150 
0 

SIDE. 

0 

100 
B 

•IDE. 

B 

200 

A 

.1.] 


Surejlif  by  Diagtials. 


66 


(97)  The  Fidd-Mtes  of  the  sorvey  platted  inFIg.  51,  ire  g^ren 
below.    They  begm  at  tiie  bottom  of  the  left  hand  coluinn. 
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CHAPTER  IL 

SURFETIRG  BT  TIE*LINESt 

(98)  Surveying  by  TMinei  is  a  modification  of  tibe  mefliod 
explained  in  the  last  chapter.  It  frequently  happens  that  it  is  inh 
possible  to  measure  the  diagonals  of  a  field  of  many  sides,  in  oosse- 
quence  of  obstacles  to  measurements,  such  as  woods,  water,  houses, 
&c.  In  such  cases,  ^^Tie4ine9y*  (so  called  1>ecause  they  tie  the 
sides  together),  are  employed  as  substitutes  for  diagonab. 

Thus,  in  the  four-sided  field  shown  in  the  figure,  the  diagonals 
cannot  be  measured  because  of  woods  inter- 
vening. As  a  substitute,  measure  oflf  from 
any  convenient  comer  of  the  field,  as  B,  any 
distances,  BE,  BF,  along  the  sides  of  Ihe 
field.  Measure  also  Ihe  ^^ tie-line"  EF. 
Measure  all  the  sides  of  the  field  as  usual.       A 

To  plat  this  field,  construct  the  triangle  BEF,  as  in  Art.  (W). 
Produce  the  sides  BE  and  BF,  till  they  become  respectively  equal 
to  BA  and  BO,  as  measured  on  the  ground.  Then  with  A  and  0 
as  centres,  and  with  radii  respectively  equal  to  AD  and  CD, 
describe  arcs,  whose  intersection  will  be  D,  the  remaining  comer 
of  the  field. 

(99)  It  thus  appears  that  one  tie-line  is  sufficient  to  determme  a 
four-aided  field;  two,  a  five-sided  field,  and  so  on.  But,  as  a 
check  on  errors,  it  is  better  to  measure  a  tie-line  for  each  angle, 
and  the  agreement,  in  the  plat,  of  all  the  measurements  will  prove 
the  accuracy  of  the  whole  work. 

Since  any  inaccuracy  in  the  length  of  a  tie-line  is  increased  in 
proportion  to  the  greater  length  of  the  sides  which  it  fixes,  the  tie- 
lines  should  be  measured  as  tax  from  the  point  of  meeting  of  these 
sides  as  possible,  that  is,  they  should  be  as  long  as  possible. 

The  radical  defect  of  the  system  is  tiiat  it  is  ^'  working  from  less 
to  greater,"  (which  is  the  exact  converse  of  the  tme  principle), 
thus  magnifying  inaccuracies  at  every  step. 
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A  tie-line  maj  {Jso  be  employed  ob  a  ^^  proof  line/'  in  the  place 
of  a  diagonal,  and  tested  in  the  same  manner. 

Fig.  53. 

If  any  angle  of  flie  field  is  reentering,  as  at*  V^^^^^ 
B  m  the  figure,  measure  a  tie-line  across  the  Yy^^'^B^/ 
iaUent  angle  ABC.  ]^^^^^^:S^ . 

^  C 

(100)  Chain  Angles*  It  is  convenient,  though  not  necessary, 
to  measure  equal  distances  along  the  sides ;  BE,  BF,  in  Hg.  52, 
and  BA,  BC,  in  Rg.  53.    "  Chain  Angles"  are  thus  formed.* 

(101)  Inaccessible  Areas.  The  method  of  tie-lines  can  be 
applied  to  measuring  fields  which  cannot  be  entered. 

Thus,  in  the  Rgure,  ABCD  is  an  inac-  Fig.  54. 

cessible  wooded  field,  of  four  sides.  To 
Burvey  it,  measure  all  the  sides,  and  at 
any  comer,  as  D,  measure  any  distance 
DE,  in  the  line  of  AD  produced.  Mea- 
sure also  another  distance  DF  in  the  line 
of  CD  produced.  Measure  the  tie-line  EP,  and  the  figure  can  be 
platted  as  in  the  case  of  the  field  of  Fig.  52,  the  sides  of  the  trian- 
gle being  produced  in  the  contrary  direction. 

The  same  end  would  be  attained  by  prolongmg  only  one  side,  as 
shown  at  the  angle  A  of  the  same  figure,  and  measuring  AG,  AH, 
and  GH.  It  is  better  in  both  cases  to  tie  all  the  angles  in  a 
mmilar  manner. 

This  method  may  be  applied  to  a  figure  of  any  number  of  sides 
by  prolonging  as  many  of  them  as  are  necessary ;  all  of  them,  if 
possible. 


*  Chain  nngles  may  be  redaced  to  angles  measnred  m  degrees,  by  observing 
that  the  tie-line  is  the  chorJ  of  the  angle  to  a  radius  eqaal  to  one  of  the  eqnal  dis* 
tances  measured  on  the  sides.  Therefore,  divide  the  length  of  the  tie-line  by  the 
length  of  ibis  distance.  The  quotient  will  be  the  chord  of  the  angle  to  a  radios 
of  one.  In  the  Tabli  of  Chords,  at  the  end  of  this  volume,  find  this  quotient 
^d  the  number  of  de^ees  and  minutes  corresponding  to  it  gives  the  angle  re 

auired.  Otherwise;  since  the  chord  of  any  an^le  equals  twice  the  sine  of  half 
le  angle,  we  have  this  rule :  Divide  half  the  tie-line  by  the  measured  distance 
find  in  a  table  of  natural  sines  the  angle  corresponding  to  the  quotient,  and  mal 
tiply  this  angle  by  two,  to  get  the  angle  desired. 
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(192)  If  the  sides  CD  and  AD  were  prolonged  by  their  fuU 
length,  the  content  of  the  figure  could  be  calculated  without  any 
plat ;  for  the  new  triangle  DEF  would  equal  the  triangle  DAG ; 
and  the  sides  of  the  triangle  AGB  would  then  be  known. 

Fig.  5&; 

This  principle  may  be  extended  still  farttier. 
For  a  five^iided  field,  as  in  Fig.  55,  produce 
two  pairs  of  sides,  a  distance  equal  to  their 
length,  forming  two  new  triangles,  as  shown  by 
the  dotted  lines,  and  measure  the  sides  B^', 
and  Afjy'.  The  three  sides  of  each  of  these 
triangles  will  thus  be  known,  and  also  the  three 
sides  of  the  triangle  BAD,  since  AD  =  AD'', 
andBD  =  B'D'. 


Tl^  method  of  this  article  may  be  employed 
for  a  figure  of  six  sides  as  shown  in  Fig.  56, 
(in  which  the  dotted  lines  within  the  .wooded 
field  have  their  lengths  determined  by  the  tri- 
angles formed  outside  of  it,)  but  not  for  figures 
of  a  greater  number  of  sides. 
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SURTETING  BT  PERPENDICULARS: 

OR 

By  the  Second  Method. 

(108)  The  method  of  Surveying  hy  Perpendicidars  is  founded 
on  the  Second  Method  of  determining  the  position  of  a  point, 
explained  m  Art.  (6).  It  is  applied  in  two  wAys,  either  to 
making  a  complete  Survey  by  "  Diafforuils  and  Perpendicular^^ 
or  to  measuring  a  crooked  boundary  by  "  Off-^tU!^  Each  will  be 
considered  in  turn. 
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SnrTeylng  hj  Perpemllculars. 


The  best  methods  of  getting  perpendiculars  on  the  ground  must, 
howeyer,  be  first  explained. 

TO  SET  OUT  PERPENDICULARS. 

(104)  Smreyor's  Cross*  The  simplest  iostrmnent 
for  this  purpose  is  the  Surveyor*  8  CroBS^  or  Croas-Staff^y 
shown  in  the  figure.  It  consists  of  a  block  of  wood,  of 
any  shape,  having  in  it  two  saw-cuts,  made  very  precise- 
ly at  right  angles  to  each  other,  about  half  an  inch  deep, 
and  with  centre-bit  holes  made  at  the  bottom  of  the  cuts 
to  assist  in  finding  the  objects.  This  block  is  fized  on  a 
pointed  staff,  on  which  it  can  turn  fireely,  and  which 
should  be  precisely  8  links  (63^  inches)  long,  for  the 
convenience  of  short  measurements. 

To  use  the  Cross^taff  to  erect  a  perpendicular,  set  it 
at  the  point  of  the  line  at  which  a  perpendicular  is  want- 
ed. Turn  its  head  till,  on  lookiag  through  one  saw-cut, 
you  see  the  ends  of  the  line.  Then  will  the  other  saw- 
cut  point  out  the  direction  of  the  perpendicular,  and  thus 
guide  the  measurement  desired. 

To  find  where  a  perpendicular  to  the  line,  from  some  object,  as 
a  corner  of  a  field,  a  tree,  &c.,  would  meet  the  line,  set  up  the 
eross-etaff  at  a  point  of  the  line  which  seems  to  the  eye  to  be  about 
the  spot.  Note  about  how  far  from  the  object  the  perpendicular 
at  this  pomt  strikes,  and  move  the  crossrstaff  that  distance ;  and 
repeat  the  operation  till  the  correct  spot  is  fi^und. 


Yu" 


y/ 


(108)  To  test  the  accuracy  of  the  in-  Fig.  58. 

stroment,  sight  through  one  slit  to  some 
pcnnt  A,  and  place  a  stake  B  in  the  line 

of  sight  of  the  other  slit.     Then  turn  its    a —— 

head  a  quarter  of  the  way  around,  so 
that  the  second  slit  looked  through,  pomts  to  A.  Then  see  if  the 
other  slit  covers  B  again,  as  it  will  if  correct.  If  it  does  not  do 
00,  but  sights  to  some  other  point,  as  B',  the  apparent  error  is 
double  the  real  one,  for  it  now  points  as  far  to  the  right  of  the  true 
point,  C  as  it  did  before  to  its  left. 
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TIu8  is  the  first  example  we  have  had  of  the  inyaloable  prin- 
ciple of  Jteversiony  which  is  used  Id  almost  every  test  of  the  accu- 
racy of  Surveying  and  Astronomical  instruments,  its  peculiar  merit 
being  that  it  doubles  the  real  error,  and  thus  makes  it  twice  as  easy 
to  perceive  and  correct  it. 

(106)  The  instrument,  in  its  most  finished  form,  is  made  of  a 
hollow  brass  cylinder,  which  has  two  pairs  of  slits  exactly  oppomte 
to  each  other,  one  of  each  pair  being  narrow  and  the  other  wide, 
with  a  horse-hair  stretched  from  the  top  to  the  bottom  of  the  latter. 
It  is  also,  sometimes,  made  with  eight  fiances,  and  two  more  pairs 
of  slits  added,  so  as  to  set  off  half  a  right  angle.  pj^,  ro 

Another  form  is  a  hollow  brass  sphere,  as  in  the 
figure.  This  enables  the  surveyor  to  set  off  perpen- 
pendiculars  on  very  steep  slopes. 

Another  form  of  the  surveyor's  cross  consists  of  two  pairs  *'jg-  ^' 
of  plain  '^  Sights,''  each  shaped  as  in  the  figure,  placed  at 
the  ends  of  two  bars  at  right  angles  to  each  other.  The 
slit,  and  the  opening  with  a  hair  stretched  from  its  top  to 
its  bottom,  are  respectively  at  the  top  of  one  sight  and  at 
the  bottom  of  the  opposite  si^t.*  This  is  used  in  the  same 
manner  as  the  preceding  form,  but  is  less  portable  and  more  liable 
to  get  out  of  order. 

A  temporary  substitute  for  these  instruments  may  be      F>g*  ^i-' 
made  by  sticking  four  pins  into  the  comers  of  a  square 
jnece  of  board ;  and  sighting  across  them,  in  the  direc- 
tion of  the  Une  and  at  right  angles  to  it. 

(107)  Optical  Square*  The  most  convenient  and  accurate  in- 
strument is,  however,  the  Optical  Square.  The  figures  give  a  pe^ 
spective  view  of  it,  and  also  a  plan  with  the  lid  removed.  It  is  a 
small  circular  box,  containmg  a  strip  of  looking-glass,  from  the 
upper  half  of  which  the  silvering  is  removed.     This  glass  is  placed 

*  Tlie  French  call  the  narrow  opeDing  cBilUton^  and  ihe  wide  one  eroitee. 
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80  as  to  Wake  precisely  half  a  right  ^^s-  62. 

angle  miti  the  line  of  sight,  which 

passes  through  a  slit  on  one  side 

of  the  box,  and   a   vertical  hair 

stretched  across  the  opening  on  the 

other  side,  or  a  mark  on  the  glass. 

The  box  is  held  in  the  hand  over 

the  spot  where  the  perpendicular  is 

deared,  (a  plumb  line  in  the  hand 

will  giye    perfect  accuracy)    and 

the  observer  applies  his  eye  to  the 

slit  A,  looking  through  the  upper 

or  unffllvered  part  of  the  glass,  and 

turns  the  box  till  he  sees  tiie  other 

end  of  the  Ime  B,  through  the  opeib- 

ing  C.    The  assistant,  with  a  rod, 

moves  along  in  the  direction  where  the  perpendicidar  is  desired, 

being  seen  in  the  silvered  parts  of  the  glass,  by  reflection  through 

the  opening  D,  till  his  rod,  at  E,  is  seen  to  coincide  with,  or  to  be 

exactiy  under,  the  object  B.    Then  is  the  line  DE  at  right  angles 

to  the  line  AB,  by  the  optical  principle  of  the  equalit;^  of  the  ain 

gles  of  incidence  and  reflection. 

To  find  where  a  perpendicular  from  a  distant  object  would  strike 
the  line,  walk  along  the  line,  with  the  instrument  to  the  eye,  till 
the  image  of  the  object  is  seen,  in  the  silvered  part  of  the  glass,  to 
comcide  with  the  direction  of  the  line  seen  through  the  unsilvered 
part. 

The  instrument  may  be  tested  by  sighting  along  the  perpendicu- 
lar, and  fixing  a  point  in  the  ori^uml  Ime ;  on  the  principle  of 
"  Reversion." 

The  sunreyor  can  make  it  for  himself,  fastening  the  ^ass  in  the 
box  by  four  aLguIar  pieces  of  cork,  and  adjusting  it  by  cutting 
away  the  cork  on  one  side,  and  introducing  wedges  on  the  other 
side.    The  box  should  be  blackened  inside. 

Another  form  of  the  optical  square  contidns  two  glasses,  fixed  at 
an  angle  of  45^,  and  giving  a  right  angle  on  the  principle  of  the 
Bextant. 
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(198)  Ckaln  Perpeiilcnlars.  Perpendiculan  may  be  Bet  out 
with  the  chain  alone,  by  a  yariety  of  methods.  These  methods 
generally  consbt  in  perfoiming  on  the  gronnd,  the  operations  exe- 
cuted on  paper  in  practical  geometry,  the  chain  being  used,  in  ihe 
place  of  the  compasses,  to  describe  the  n6cessary  arcs. 

As  these  operations,  however,  are  less  often  used  for  the  method 
of  Borveying  now  to  be  explained,  than  for  overcoming  obstacles  to 
measurement,  it  will  be  more  convenient  to  consider  them  in  that 
connection,  in  Chapter  Y • 

^     DIAGONALS  AND  PERPENDICULARS. 

(109)  In  Chapter  I,  of  this  Part,  we  have  seen  that  plats  of  sur- 
veys made  with  tiie  chain  alone,  have  their  contents  most  eaaDy 
determmed  by  measuring,  on  the  plat,  the  perpendiculars  of  each 
of  the  triangles,  into  which  the  diagonals  measured  on  the  ground 
have  divided  the  field.  In  the  MeAod  of  Surveying  by  Diagonal 
and  PerpenoUetdartj  now  to  be  expladned,  the  perpendiculars  are 
measured  an  the  ground.  The  content  of  the  field  can,  therefore, 
be  found  at  once,  (by  adding  together  the  half  products  of  each 
perpendicular  by  the  diagonal  on  which  it  is  let  M,)  without  the 
necessity  of  previously  making  a  plat,  or  of  measuring  the  sides  of 
the  field.  Tias  is,  therefore,  the  most  rapid  and  easy  method  of 
surveying  when  tiie  content  alone  is  required,  and  is  particulaiiy 
applicable  to  the  measurement  of  the  ground  occupied  by  crops, 
for  the  purpose  of  determining  tiie  number  of  bushels  grown  to  the 
acre,  the  amount  to  be  paid  for  mowing  by  the  acre,  ko. 

(lit)  A  tkree-sMei  fleM.   Measure  the  f«'<3. 

^  longest  side,  as  AB,  and  the  perpendicular, 
CD,  let  M  on  it  fixxm  the  oppomte  an^e  C. 
Then  the  content  is  equal  to  half  the  product 
of  the  side  by  the  perpendicular.  If  obsta-  ^*  fl" 
cles  prevent  tiiis,  find  the  point,  where  a  perpendicular  let  fall  from 
an  angle,  as  A,  to  the  opponte  side  produced,  as  BC,  would  meet 
it,  as  at  E  in  the  figure.  Then  half  the  product  of  A£  by  CB  ia 
flie  content  of  the  triangle. 
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(111)  A  ftv-8ide<  Held. 

Measure  the  diagonal  AG.  Leave 
marks  at  the  points  on  this  diago- 
nal at  which  perpendiculars  from  B  ^4^ 
and  from  D  would  meet  it ;  find- 
ing these  points  bj  trial,  as  previ- 
ouisly  directed  in  Arts.  (104)  and 
(IM^).  The  best  marks  at  these 
<^  False  Stations/'  have  been  described  in  Art.  (99).  Betum  te 
these  false  stations  and  measure  the  perpendiculiurs.  When  these 
perpendiculars  are  measured  before  finishing  the  measurement  of 
the  diagonal,  great  care  is  necessary  to  avoid  making  mistakes  in 
the  length  of  the  diagonal,  when  the  chainmen  return  to  continue 
its  measurement.  One  check  is  to  leave  at  the  mark  as  many  pins 
as  have  been  taken  up  by  the  hind-chainman  in  coming  to  that 
point  from  the  becoming  of  the  line. 

Exempts  9.    Bequired  the  content  of  the  field  of  Hg.  64. 

Am.  OA.  2R.  29P. 
The  field  may  be  platted  from  these  measurements,  if  desired, 
but  with  more  liability  to  inaccuracy  than  in  the  first  method,  in 
which  the  sides  are  measured.     The  plat  of  the  figure  is  3  chains 
to  1  inch. 

The  field-notes  may  be  taken  by  writing  the  measurements  on  a 
sketch,  as  in  the  figure ;  or  in  more  complicated  cases,  by  the 
column  method,  as  below.  A  new  symbol  may  be  employed,  this 
mark,  |-,  or  -|»  to  show  the  False  Station,  firom  which  a  perpen* 
dicular  is  to  be  measured. 

HxampU  10.     Cdlculaihn. 

aq.  Iks. 
ABC=  J  X  480  X 110  =  26400 
AD€=  J  X  480  X  175  =  42000 
aq.  ehaim  6.8400 
Aerea  0.684 
It  is  still  easier  to  take  the  two 
triangles  together;     multiplying 
the  diagonal  by  the  sum  of  the  per- 
pendiculars and  dividing  by  two. 
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(112)  A  maiy-sided  lleldr  Fig.  65,  and  the  accompanTiBg 
field-notes  represent  the  field  which  was  survejed  bj  the  first 
Method  and  platted  in  Fig.  51. 

Fig.  65. 
B 
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r 
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5.45 
4.95 
© 
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Example  11.  CaleiUainan. 
The  content  of  the  triangles  may 
be  expressed  thus : 

sq.  Ike. 
ABO  =  Jxll42x267=152467 
AKC  =  ^xll42x  498=281508 
CDE  =  ix  776x258=  98087 
AEF  =  Jx  737x154=  56749 

9q.  chains  58.8746 

Acres  5.88746 

or,  5A.  8R.  22P. 

The  first  two  triangles  might 

have  been  taken  together,  as  is 

the  previous  field. 

Content  calculated  from  the 
perpendiculars  will  generally  va- 
ry slightly  firom  that  obtamed  by 
measuring  on  the  plat. 
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(US)  A  smaQ  field  wliich  has  many  sides,  may  sometimes  be 
ccsnyenientlj  suryejed  bj  taking  one  diagonal  and  measuring  the 
perpendiculars  let  fall  on  it  from  each  angle  of  the  field,  and  thus 
dividing  the  whole  area  into  triangles  and  trapezoids ;  aa  in  Fig.  36, 
page  48. 

The  line  on  which  the  perpendiculars  are  to  be  let  fSall,  may  also 
be  outside  of  the  field,  as  in  Yig.  87,  page  48. 

Such  a  survey  can  be  platted  very  readily,  but  the  length  of  the 
perpendiculars  renders  the  plat  less  accurate* 

This  procedure  supplies  a  transition  to  the  method  of  ^^  Ofiets," 
which  is  explamed  in  the  next  article. 

OFFSETS. 

(114)  Ofl&ets  are  short  perpendiculars,  measured  from  a  straight 
line,  to  the  angles  of  a  crooked  or  zigzag  line,  near  which  the  straight 
line  runs.      Thus,  in  the  figure,  *"»§■  66. 

let  ACDB  bo  a  crooked  fence, 
bounding  one  side  of  afield.  Chain  ^^ 
along  the  straight  line  AB,  which  runs  from  one  end  of  the  fence 
to  the  other,  and,  when  opposite  each  comer,  note  the  distance 
firom  the  be^ning,  or  the  point  A,  and  also  measure  and  note  the 
perpendicular  distance  of  each  comer  C  and  D  from  the  line. 
These  comers  will  then  be  "  deterauned'^  by  the  Second  Method^ 
Art.  (6). 

The  Keld-notes,  corresponding  to  Fig. 
66,  are  as  in  the  margin.  The  measure- 
ments along  the  line  are  written  in  the 
column,  as  before,  counting  from  the  be- 
ginning  of  the  line,  and  the  oi&ets  are 
written  beside  it,  on  the  right  or  lefb,  oppo- 
site the  distance  at  which  they  are  taken. 
A  sketch  of  the  crooked  line  is  also  usually  From  A  0 
made  in  the  Field-notes,  though  not  abso- 
lutely necessary  in  so  simple  a  case  as 
this.  The  letters  C  and  D  would  not  be  used  in  practice,  but  are 
here  inserted  to  show  the  connection  between  the  Field-notes  and 
the  plat. 
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In  takmg  iihe  Field-Notes,  fhe  widtihs  of  the  ofiets  should  no^ 
be  drawn  proportionallj  to  the  distftnces  between  tiiem,  bat  ihe 
breadths  should  be  greatlj  exaggerated  in  proportion  to  the  lengths. 

(115)  A  more  extended  example,  with  a  little  different  notati<Hi, 
is  ^yen  below.  In  the  figure,  which  is  on  a  scale  of  8  chains  to 
one  inch  for  the  distances  along  the  line,  the  breadths  of  the  ofEsets 
aire  exaggerated  to  four  times  Uieir  true  proportional  dimensions. 

Fig.  67. 
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(116)  The  plat  and  Eield-notes  of  the  position  of  two  houses, 
determined  hj  offiets,  are  given  below  on  a  scale  of  2  chains  to  1 
inch* 

I  I  Fig.  68. 
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(117)  Double  ofiets  are  sometimes  conyenient;  and  sometimefl 
triple  and  quadruple  ones.  Below  are  given  the  notes  and  the 
plat,  1  chain  to  1  inch,  of  a  road  of  yarding  width,  both  sides  of 
which  are  determined  by  double  ofiets.  It  will  be  seen  that  the 
Une  AB  crosses  one  side  of  the  road  at  160^  links  firom  A,  and  &e 
other  side  of  it  at  220. 
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Two  methods  of  keepmg  the  Meld-notes  are  given.  In  iSie  first 
form,  the  ofiets  to  each  side*  of  the  road  are  given  separately  and 
conneeted  bj  the  ngn  +•  In  the  second  form,  the  total  distance 
of  the  8ec<Mid  oflEset  is  given,  and  the  two  measurements  connected 
hj  the  word  ^^  ft»."    This  is  easier  both  for  measuring  and  platiang. 
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(1 18)  These  o&ets  may  generally  be  taken  with  sufficient  accura- 
cy by  measuring  them  as  nearly  at  right  angles  to  the  base  line  as  the 
eye  can  estimate.  The  surveyor  should  stand  by  the  chain,  fia^ing 
the  fence,  at  the  place  which  he  thinks  opposite  to  the  comer  to 
which  he  wishes  to  take  an  o&et,  and  measure  ^^  square"  to  it  by 
the  eye,  which  a  litQe  practice  will  enable  him  to  do  with  much 
eorrectneas. 
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The  offieis  may  be  measured,  if  short,  with  aa  Off^aetrstqjff^^  a 
light  stick,  10  or  15  links  in  length,  and  divided  accordingly ;  or 
if  tiiej  are  long,  with  a  tape.  They  are  generally  but  a  few  links 
in  length.  A  cham's  length  should  be  flie  extreme  limit,  as  laid 
down  by  the  English  ^^  Tithe  Conmussioners,''  and  that  should  be 
employed  only  in  exceptional  cases.  When  the"  Crosshstaff"  is 
in  use,  its  divided  length  of  8  links,  renders  the  ofl^t«taff  need- 
less. 

When  o&ets  are  to  be  taken,  the  method  of  chaining  to  the 
end  of  a  line,  described  in  Art.  (28),  page  21,  is  somewhat  modi- 
fied. After  the  leader  arrives  at  the  end  of  the  line,  he  should 
draw  on  the  chain  till  the  follower,  with  the  back  end  of  the  chain, 
reaches  the  last  pin  set.  This  facilitates  the  counting  of  the  links 
to  the  places  at  which  the  o&ets  afe  taken. 

The  ofl&ets  are  to  be  taken  to  every  angle  of  the  fence  or  other 
crooked  line ;  that  is,  to  every  point  where  it  changes  its  direc- 
tion. These  angles  or  prominent  bends  can  be  best  found  by  one 
of  the  party  walkiug  along  the  crooked  fence  and  directing  another 
at  the  chain  what  points  to  measure  opposite  to.  If  the  line  which 
is  to  be  thus  determined  is  curved^  the  ofl&ets  should  be  taken  to 
points  so  near  each  other,  that  the  portions  of  the  curved  line  lying 
between  them  may,  without  much  error,  be  regarded  as  straight. 
It  will  be  most  convenient,  for  the  subsequent  calculations,  to  ts^e 
the  ofi&ets  at  equal  distances  apart  along  the  straight  line  from 
which  they  are  measured. 

In  the  case  of  a  crooked  brook,  such  as  is  shown  in  the  figure 
^ven  below,  o&ets  should  be  taken  to  the  most  prominent  angles, 
such  as  are  marked  a  a  a  in  the  figure,  and  the  intermediate  bends 
may  be  merely  sketched  by  eye. 

Fig.  70. 


When  ofl^ets  from  lines  measured  around  a  field  are  taken  inade 
of  these  bounding  lines,  they  are  sometimes  distinguished  as  In%eU. 
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(110)  Platting;*  The  most  rapid  method  of  platting  the  offiieis, 
is  by  the  use  of  a  Platting  Scale  (described  in  Art.  40)  and  an 
Offset  ScdUj  which  is  a  short  scale  divided  on  its  edges  like  a 
plattmg  scale,  but  having  its  zero  in  the  middle,  as  in  the  figure. 

Fig.  71 


The  platting  scale  is  placed  parallel  to  the  line,  with  its  zero 
point  opposite  to  the  beginning  of  the  line.  The  o&et  scale  is 
slid  along  the  platting  scale,  till  its  edge  comes  to  a  distance  on 
the  latter  at  which  an  offiet  had  been  taken,  the  length  of  which  is 
marked  off  with  a  needle  point  from  the  offiet  scale.  This  is  then 
slid  on  to  the  next  distance,  and  the  operation  is  repeated.  If  ' 
one  person  reads  off  the  field^notes,  and  another  plats,  the  opera- 
tion will  be  greatly  facilitated.  The  points  thus  obti^ned  are 
joined  by  straight  lines,  and  a  miniature  copy  of  the  curved  line  is 
liius  obtamed ;  all  the  operations  of  the  platting  being  merely  re- 
petitions of  the  measurements  made  on  the  ground. 

If  no  offset  scale  is  at  hand,  make  one  of  a  strip  of  thick  drawing 
paper,  or  pasteboard ;  or  use  the  platting  scale  itself,  turned  cross- 
ways,  having  previously  marked  off  from  it  the  points  from  which 
the  ofiets  had  been  taken. 

In  plats  made  on  a  small  scale,  the  shorter  offiets  are  best  esti- 
mated by  eye. 

On  the  Ordnance  Survey  of  Ireland,  the  platting  of  offiets  is 
fiusilitated  by  the  use  of  a  combination  of  the  ofl&et  scale  and  the 
platting  scale,  the  former  being  made  to  slide  in  a  groove  in  the 
latter,  at  right  angles  to  it. 

(120)  Calculating  Contenti  When  the  crooked  line  detei^ 
mined  by  o&ets  is  the  boundary  of  a  field,  the  content,  enclosed 
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between  it  aad  the  straight  line  suiyejed,  must  be  detennined, 
that  it  may  be  added  to,  or  subtracted  from,  the  content  of  tiie 
field  bounded  bj  the  straight  lines.  There  are  yarious  meiliodB  of 
effecting  this. 

The  area  enclosed  between  the  straight  and  the  crooked  lines  is 
divided  up  bj  the  o&ets  into  triangles  and  trapezoids^  the  content 
of  which  may  be  calculated  separately  bj  Arts.  (C5)  and  (67), 
and  then  added  together.  The  content  of  the  plat  on  page  75, 
will,  therefore,  be  1500  +  4125  +  625  «:  6250  squai«  linb  ^ 
0.625  square  chain.  The  content  of  the  plat  on  page  76,  will  in 
like  manner  be  found  to  be,  on  the  left  of  the  straight  line  80,000 
square  links,  and  on  its  right  6,000  square  links. 

(121)  When  the  offsets  have  been  taken  at  equal  distances,  the 
content  may  be  more  easily  obtained  by  adding  together  half  of 
the  first  and  of  the  last  offiiet,  and  all  the  intezmediate  ones,  and 
multiplying  the  sum  by  one  of  the  equal  distances  between  the  ofl^ 
sets.    This  rule  is  merely  an  abbreviation  of  the  preceding  one. 

Thus,  in  the  plat  of  page  76,  the  distances  being  equal,  the  con* 
tent  of  the  offiiets  on  the  left  of  the  straight  line  will  be  120  x  250 
=r  80,000  square  links,  and  on  the  right  20  X  250  =  5,000 
square  links ;  the  same  results  as  before. 

When  the  line  determmed  by  the  offiets  is  a  curved  line,  ^^  Simp- 
son's rule"  ^ves  the  content  more  accurately.  To  employ  it,  an 
even  number  of  equal  distances  must  have  been  measured  in  {be 
part  to  be  calculated.  Then  add  together  the  first  and  last  offiet, 
four  times  the  sum  of  tlfe  even  offiets,  (i.  e.  the  2d,  4th,  6th,  &;c.,) 
and  twice  the  sum  of  the  odd  o&ets,  (i.  e.  the  8d,  5th,  7th,  &c.,) 
not  including  the  first  and  the  last.  Multiply  the  sum  by  one  of 
the  equal  distances  between  the  o&ets,  and  divide  by  3.  The 
quotient  will  be  the  area. 

Example  12.  The  offiiets  from  a  straight  line  to  a  curved  fence, 
were  8,  9, 11, 15, 16, 14,  9,  links,  at  equal  distances  of  5  links. 
What  was  the  content  mcluded  between  tiie  curved  fence  and  the 
straight  line  ?  Ans.      871.666 
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(122)  MaQj  erroHeoas  roles  have  been  girem  on  this  part  of  ih» 
sabject.  One  rule  dnrecis  the  snrvejor  to  divide  the  sum  of  all 
the  offiieis  by  one  lese^  than  their  number,  and  multiply  the  quotient 
bj  the  whole  length  of  the  straight  line ;  or,  what  is  the  same  things 
to  multiply  the  sum  of  all  the  offiets  by  the  common  distance  be- 
tween them.  This  will  be  correct  only  when  the  o£^ts  at  each 
end  of  Ihe  line  are  nothing,  i.  e.  when  the  curved  line  starts  from 
the  straight  line  and  returns  to  it  at  the  beg^ming  and  end  of  one 
of  the  equal  distances.  In  all  other  cases  it  will  give  too  much. 
A  eeeomd  rule  directs  the  surveyor  to  divide  the  sum  of  all  the  off> 
sets  by  their  number,  and  then  to  multiply  the  quotient  by  the 
whole  stirai^t  line.  This  may  give  too  much,  or  too  little,  accord- 
ing to  circumstances. 

Suppose  offiets  of  10,  80,  20,  80,  50,  80,  links,  to  have  been 
taken  at  equal  distances  of  a  chain.  The  correct  content  of  the 
enclosed  space  is  200  X  100  =  2  square  chains.  The  first  of  the 
above  rules  would  ^ve  2.2  square  chains,  and  the  second  would 
^ve  1.8833  chains. 

(12S)  Bedtiemg  to  one  triangle  the  many-mded  figure  which  is 
formed  by  theoffiiets,  is  the  method  of  calculation  sometimes  adopted. 
This  has  been  fully  explained  in  Part  I,  Art.  (78),  &c.  The 
method  of  Art.  (83)  is  best  adapted  for  this  purpose. 

(124)  JEqualmnff  J  or  giving  and  taking  j  is  an  approximate 
mode  of  calculation  much  used  by  practical  surveyors.  A  crooked 
line,  determined  by  o&ets,  having  been  platted,  a  strsdght  liae  is 
drawn  on  the  plat,  across  the  crooked  line,  leaving  as  much  space 
ontoide  of  the  straight  line  as  inside  of  it,  as  nearly  as  can  be  esti- 
mated by  the  eye,  ^^  Equaliong"  it,  or  ^^  Giving  and  taking"  equal 

Fig.  72. 


portions.  The  straight  line  is  best  determined  by  laying  across 
the  irregular  outline  the  straight  edge  of  a  piece  of  transparent 
horn,  or  tracing  piqper,  or  glass,  or  a  fine  thread  or  horse-hair 
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iikftthed  strai^t  bj  a  lii^t  bow  of  vhalebone.  In  practtcal 
hmiBf  Ibis  method  is  sofficienfly  aocursto  in  most  oases.  Hie  stii> 
dent  ifiU  do  veil  to  try  it  en  figures,  tlie  oontent  of  vhioh  he  has 
prenoofllj  asoertained  bj  perfeott j  aocurate  methods. 

8<n[ietuiie8  this  method  may  be  adyaatageously  combined  iritfa 
the  preoeding;  short  lengths  of  the  oroooked  boondaiy  bong 
^  Equalised/'  and  the  fewer  resulting  ogngji  reduced  to  <»ie  fine 
by  Urn  method  of  Art  (n\  fre. 


CHAPTER  IV. 


81JRTETIN6  B¥  THE  PRECEDING  METHODS  COnUKED. 

125)  AH  the  methods  which  have  been  explained  in  the  three 
preceding  chapters — Surveying  by  DiaffonalSj  by  Tie4in«8j  and 
by  PerpendiGularSy  particularly  in  the  form  of  ofibets — are  fire- 
quently  required  in  the  same  survey.  The  method  by  JHaigonaU 
should  be  the  leading  one ;  in  some  parts  of  the  survey,  obstacles 
to  the  measurement  of  diagonals  may  reqmre  the  use  of  IMinea; 
and  if  the  fences  are  crooked,  strai^t  Imes  are  to  be  measured 
near  them,  and  their  crooks  determined  by  Offsets. 

(126)  Offsets  are  necessary  additions  to  almost  every  other 
method  of  surveying.  In  the  smallest  field,  surveyed  by  diagonals, 
unless  all  the  fences  are  perfectiy  strught  lines,  their  bends  must 
be  determined  by  ofiets.  The  plat  (scale  of  1  chain  to  1  inch), 
and  field-notes,  of  such  a  case  are  ^ven  below.    A  sufficient  num- 
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ber  of  the  sides,  diagonab^  aad  proo^Ikies,  to  proye  the  work^shoiild 
be  platted  before  platting  the  offiets. 

Fig.  73. 
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(127)  FleM-books«  The  difficulty  and  the  importance'  of  keep 
mg  the  field-notes  clearlj  and  distinctly,  increase  with  each  new 
combination  of  methods.  For  this  reason,  three  different  methods 
of  keeping  the  Field-notes  of  the  same  survey  will  now  be  given, 
(firom  Bourns'  Surveying),  and  a  careful  comparison  by  the  stiH 
dent  of  the  corresponding  portions  of  each  will  be  very  profitable 
to  him. 
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Mdd-Book  No.  1  (Yig.  74)  shews  the  Sketdi  meihod,  ttr^Ki^ 
•d  m  Art.  (91). 
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lUtd-Booh  No.  2  (Fig.  75)  diem  the  Colma  me&od,  ezdaiiii 
ed  in  Art.  (65). 
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Fidel  Book  No.  8  (Iig.  76)  is  a  conyenient  combination  of  Hit 
two  preceding  methods.  .The  bottom  of  the  Book  is  at  the  side  of 
tills  figure,  at  A. 
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(128)  It  iriH  easily  appear  from  the  sketch  of  Held-book  No.  1, 
how  much  time  and  labor  may  be  sayed,  or  lost,  bj  the  maimer  of 
doing  the  work.  Thus,  beguming  at  A,  and  measuring  750  linkS| 
a  pole  should  be  left  there,  and  the  line  to  the  right  measured  tc 
17  chains,  or  C,  leaving  a  pole  at  12.30  as  a  new  starting  point  by 
and  by.  Then  from  0  measure  19  chains  to  A  again ;  then  mea- 
sure from  A  to  B,  and  from  B  back  to  the  pole  left  at  7.60  on  the 
main  line. 

(129)  The  example  which  will  now  be  given  shows  part  of  Ihe 
field-notes,  the  plat,  (on  a  scale  of  6  inches  to  1  mile  [1 :  10,560]), 
and  a  partial  calculation  of  the  ^^  filling  up"  of  a  large  triangle, 
the  angular  points  of  which  arp  supposed  to  have  been  determmed 
by  Ihe  methods  of  Geodeao  Surveying.  They  should  be  well 
studied.* 


FJg.77. 


•  Capt  Fbomb,  in  his  "  TrigonometrioBl  Sarrey,"  from  which  thii  emnplo 
hM  beeD  condensed,  remarks,  "  It  may,  perhaps,  be  thought  that  too  mnch  atreH 
b  laid  onformt ;  but  melktfd  is  a  most  essential  part  of  an  andertaking  of  nMgBi- 
mde:  and  without  excellent  preliminary  arraosements  to  ensure  uniformity  m 
all  the  moat  trifling  details,  the  work  never  eoald  go  on  creditably.'* 
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In  the  Above  specimen  of  a  field-book,  (which  resembles  that  on 
page  85)  9  all  ofl^ts,  except  those  having  relation  to  the  boundary 
linesy  are  purposely  omitted,  to  prevent  confofflon,  the  example 
being  ^ven  solely  to  illustrate  the  method  of  calculating  these 
larger  divisions.  Bougb  diagrams  are  drawn  in  the  field-book  not 
to  any  scale,  but  merely  bearing  some  sort  of  resemblance  to  the 
lines  measured  on  the  ground,  for  the  purpose  of  showing,  at  any 
period  of  the  work,  their  directions  and  how  they  are  to  be  connect- 
ed ;  and  also  of  eventually  assisting  in  laying  down  the  diagram 
and  content  plat.  On  these  rough  diagrams  are  written  the  dis- 
tinctive letters  by  which  each  line  is  marked  in  the  field-book,  and  also 
its  length,  and  tiie  distances  between  points  marked  upon  it,  from 
which  other  measurements  branch  off  to  connect  the  interior  por- 
tions of  the  district  surveyed. 


(130)  CalculatlonSt  The  calculation  of  one  of  liie  figures,  Ifi, 
18  ^ven  below  in  detail.  It  is  composed  of  the  trian^e  DPQ,  with 
oibets  along  the  sides  PQ ;  and  of  the  triangle  DWA,  with  oflbels 
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along  the  ndes  PW  aad  WX.  From  the  content  thus  obtained 
mnst  be  subtracted  the  offsets  on  PQ,  belonging  to  the  figure  Qf, 
and  those  on  WX  belonging  to  the  figure  JE*  When  the  oflbets 
are  triangles^  (right  angled,  of  course),  the  base  and  perpendicular 
are  put  down  as  two  sides;  when  thej  are  trapezoids,  the  two 
parallel  sides  and  the  distance  between  them  occupy  the  columns 
of  "sides." 


DIVISION. 


TRIANGLS 

OB 
TRAPBZOID. 


1st 

SIDE. 


2d 

SIDE. 


8d 

SIDE. 


CONTENT 

IN 
CHAINS. 


DPQ       1680 


m 

Additwes. 


PQ 


DWX 
PW 

WX 


16981078    86.2650 


62 
30 


1370 
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62 
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Total  Addxtivei, 


.6500 
.8280 
.3240 
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.9596 


140.8255 
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1.1680 ' 
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1.7020 
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1.3456  S 

.2816  ) 


1.9964 


Total  Svitraelivet, 
Total  Additives, 

I        I 
JDifferencey 


8.6984 
140.8256 


137.1271 
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Hie  otiher  figures,  oompriBed  within  the  large  triangle,  are  record* 
ed  and  calculated  in  a  similar  manner.  An  abridged  regbrter  of 
tilie  results  is  given  below. 


DIVISION. 


ADDinVBS. 


SUBTRACTIVB. 


DIFFERENCE  IN 
SQUARE  CHAINS. 


E 


DNS 

and  ofi&ets. 


DWX 

NUV 
and  ofiEsets. 


140.4898 


n. 


DNO 

and  offsets. 


DPQ 

and  o&ets. 


100.1882 


IP 


ANO 
and  ofi&ets. 


NRM 

and  offsets. 


103.9778 


HTN 

NUV 

NRM 

and  offBets. 


Ofiets. 


81.6807 


CNS 
and  ofiets. 


HTN 

and  oflbets. 


109.6064 


DPQ 
DWX 

and  ofEsets. 


Ofiets. 


137.1271 


L 


Total, 


672.9195 


The  accuracy  of  the  preceding  calculations  of  the  separate  figorea 
must  now  be  tested  by  comparing  the  sum  of  their  areas  with  tliat 
of  the  large  triangle  AGD,  which  comprises  liiem  all.  Their  area 
must  previously  be  increased  by  the  offiets  on  the  lines  GS  and  CSEL, 
which  had  been  deducted  from  I,  and  which  amount  respectively 
to  8.6270  and  2.8690.  The  total  areas  will  then  equal  679.8165 
square  chains.  That  of  the  triangle  ACD  is  679.5082 ;  a  diier- 
ence  of  less  than  a  fifth  of  a  square  chain,  or  a  fiftieth  of  an  acre ; 
or  about  one-fortieth  of  one  per  cent,  on  the  total  area. 


(181)  The  six  lines.  In  most  cases,  great  or  small,  nr  fim* 
dammtoL  lines  will  need  to  be  measured ;  viz.  four  approximate 
boundary  lines,  forming  a  quadrilateral,  and  its  two  diagonals. 
Small  triangles,  to  determine  prominent  points,  can  be  formed  within 
and  without  these  mam  lines  by  the  First  Method,  Art.  (ff), 
and  the  lesser  irregularities  can  be  determined  by  <^ets. 
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Thus,  in  the  aboye  figare,  two  straight  lines  AB  and  CD  are 
measured  fhrough  the  entire  length  and  breadth  of  the  fitrm,  or 
township,  which  is  to  be  sarveyed.  The  connecting  lines  AG,  OB, 
BB  and  DA  are  also  measured,  uniting  the  OKtremities  of  the 
first  two  lines.  The  last  four  lines  thus  form  a  quadrilateral,  which 
IS  divided  into  two  triangles  bj  one  of  the  first  measured  liaes, 
while  the  second  serves  as  a  proof-line.  The  distance  firom  the 
intersection  of  the  two  diagonals  to  the  extremities  of  each,  being 
measured  on  the  ground  and  on  the  plat,  affords  an  additional  test. 

Other  points  of  the  district  surveyed  (as  E,  G,  E.,  &c.,  in  the 
figure,)  are  determined  bj  measurmg  the  distances  frpm.them  to 
known  pomts  (as  M,  N,  P,  R,  &c.,  in  the  figure)  situated  on  some 
of  the  six  fundamental  lines,  thus  forming  tiie  triangles  Ty  T* 

The  intersection  0  of  the  mam  diagonals,  and  also  the  mtersee- 
tions  of  the  various  mmor  lines  with  the  main  lines  and  with  each 
other,  should  all  be  carefully  noted,  as  additional  checks  when  the 
work  comes  to  be  platted. 
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The  larger  figures  are  detennined  fint,  and  Hie  smaller  ones 
baaed  apon  them,  in  accordance  with  this  important  principle  in 
an  sorrejing  operations,  always  to  work  frmn  the  whole  to  the 
parts,  and  from  greater  to  less.  The  nnaTmdable  inaccurades  are 
thns  subdivided  and  diminished.  The  oppodte  course  would  accn- 
nralate  and  magnify  Ihem. 

These  additional  Imes,  which  form  secondary  trian^es,  shodd 
be  so  chosen  and  ranged  as  to  pass  throng  and  near  as  many  ob- 
jects as  possible,  in  order  to  require  as  few  and  as  short  offiets  as 
the  position  of  the  lines  will  permit ;  the  smaller  irregularities  bdng 
determined  by  offiiets  as  usual.  It  is  better  to  measure  too  many 
lines  than  too  few,  and  to  establish  unnecessary  ^^  false  stations/' 
raiher  than  not  to  have  enough. 


(1S2)  Exceptleaal  caseSt  The  preceding  arrangement  of  lines, 
though  in  most  cases  the  best,  may  sometimes  be  varied  with  ad- 
vantage. Unless  the  farm  surveyed  be  of  a  shape  nearly  as  broad 
as  long,  the  two  diagonals  will  cross  each  other  obliquely,  instead 
of  nearly  at  right  an^es,  as  is  dearable. 

Fig.  79 

When  the  &rm  is  much 
longer  than  it  is  wide,  two 
systems,  of  six  lines  each, 
may  be  used  with  much 
advantage,  as  in  Ilg.  79. 
Several  such  may  be  com- 
bined when  necessary. 


Jig.  so. 


In  a  case  like  that  in  Hg. 
80,  five  lines  will  be  better 
than  six,  and  will  tie  one  an- 
other together,  their  points  of 
intersection  being  carefully 
noted. 
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Fig.  81 


In  the  fium  represented  in 
Ilg.  81y  the  system  of  lines 
there  shown  is  the  best,  and 
ihej  will  also  tie  one  another. 


(1S3)  Much  difficulty  will  often  be  found  m  ran^g  and  mea- 
suring the  long  lines  required  by  this  method  in  extensive  surveys. 
Various  contrivances  for  overcoming  the  obstacles  which  may  beP 
met  with,  will  be  explained  in  the  following  chapter.  It  will  ofl»n 
be  convenient  to  measure  the  minor  lines  along  roads,  lanes, 
paths,  &c.,  although  they  may  not  lie  in  the  most  desirable  direc- 
tions. Steeples,  chimneys,  remarkable  trees,  and  other  objects  of 
that  character,  may  oft;en  be  sighted  to,  and  the  line  measured  to- 
wards them,  with  much  saving  of  time  and  labor.  The  point  where 
the  measured  lines  cross  one  another  should  always  be  noted,  and 
they  will  thus  form  a  very  complete  iSeries  of  tie-lines.* 

A  view  of  the  district  to  be  surveyed,  taken  from  some  elevated 
position,  will  be  of  much  assistance  in  planning  the  general  direc- 
tion of  the  lines  to  be  measured. 


Fig.  82. 


(1S4)  Inaccesdble  Areas. 

A  combination  of  of&ets  and 
tie-lines  supplies  an  easy  me* 
ihod  of  surveying  an  inacceS' 
Mle  area,  such  as  a  pond, 
swamp,  forest,  block  of  houses, 
kc.y  as  appears  from  the  fi- 
gure ;  in  which  external  bound- 
ing lines  are  taken  at  will  and 


*  To  fiod  the  exact  point  of  intersection  of  these  lines,  which  are  only  '  Tisnal 
lines,"  (explained  in  Art  (19),)  three  persons  are  necessary:  one  stands  at  some 
point  of  one  of  the  lines  and  sights  to  some  other  point  on  it ;  a  second  does  the 
■ame  on  the  second  line ;  by  signs  they  direct,  to  right  or  left,  the  movements  of  a 
third  person,  who  holds  a  rod,  till  he  is  placed  in  Doth  of  the  lines  and  thus  at 
their  intersection,  on  the  principle  of  Art.  (H). 
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meaaured,  and  tied  by  ^^tieJines'*  measured  between  these  lines, 
prolonged  when  necessary,  as  in  Art.  (Itl),  while  offiets  from 
them  determme  the  irregularities  of  the  aetuaT  boundaries  of  the 
pond,  kc. 

These  offsets  are  i$i»etSy  and  their  content  is,  of  course,  to  be 
subtracted  from  the  content  of  the  principal  figure. 

Even  a  circular  field  might  thus  be  approximately  measured  from 
the  outside. 

If  the  shape  of  the  field  admits  of 
it,  it  will  be  preferable  to  measure 
ibur  lines  about  the  field  in  such 
directions  as  to  enclose  it  in  a  rect- 
angle, and  to  measure  ofiets  from  the 
sides  of  this  to  the  angles  of  the 
field. 


(185)  When  one  of  the  lines  with  which  F>s*  84 

an  inaccessible  field  is  surrounded,  as  in 
the  last  two  figures,  cuts  a  comer  of  the 
field,  as  in  Fig.  84,  the  triangle  ABC  is 
to  be  deducted  fit>m  the  content  of  the 
enclosing  figure,  and  the  triangle  GDE 
added  to  it.  The  triangle  DEF  is  also 
to  be  added,  and  the  triangle  FGH  de- 
ducted. To  do  this  directly,  it  would  be 
necessary  to  find  the  points  of  intersection 
G  and  F.  But  this  may  be  difficult,  and 
can  be  dispensed  with  by  obtaining  the 
difference  of  each  pair  of  triangles.  The 
difference  of  ABC  and  CDE  will  be  ob- 
tained at  once  by  multiplying  the  differ- 
ence of  the  ofibets  AB  and  DE  by  half  of  BE ;  and  the  di&rencs 
of  DEF  and  FGH  by  multiplym^  the  difference  of  DE  and  GH 
by  half  of  EG.* 


*  For,  mnlclng  the  triangle  Dimi  »  ABC,  then  miiEO  »  Bti  X  i  («m  +  CB) 
■B  (Dfi  —  AB)  X  i  SB ;  and  so  with  the  other  pair  of  triaoglet. 
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(ISS)  Rdads.    A  Trinding  Road  may  also  be  suryejed  thus,  aa 
J8  ahown  in  Ilg.  85;  atraight  lines  being  measured  in  the  road, 

Fig.  85. 


fheir  changes  in  direction  determined  by  tie-lines,  tying  one  line  to 
.  the  preceding  one  prolonged,  as  expired  in  Chapter  11,  of  this 
Part,  and  points  in  the  road-fences,  on  each  side  of  these  straight 
lines,  bemg  determined  by  offiiets. 

A  River  may  also  be  supposed  to  be  represented  by  the  above 
winding  lines ;  and  the  lower  set  of  lines,  tied  to  one  another  as 
before,  and  with  ofiets  from  them  to  the  water's  edge,  will  be  suf- 
ficient for  making  an  accurate  survey  of  one  side  of  the  river. 

(137)  Towns*  A  town  could  be  surveyed  and  mapped  in  the 
same  manner,  by  measuring  straight  lines  through  all  the  streets, 
determining  their  angles  by  tie-lines,  and  taking  ofibets  from  them 
to  the  blocks  of  houses. 
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CHAPTER  V. 


OBSTACLES  TO  nEASHtEHEHT  p  CHAIN  SUtTETDC. 

(ItS)  In  the  practice  of  the  yarious  methods  of  siunrejiiig  which 
have  been  ezplained,  the  hills  and  valleys  which  are  to  be  crossed, 
the  sheets  of  water  which  are  to  be  passed  oyer,  the  woods  and 
houses  which  are  to  be  gone  through — all  these  form  obstacles  to 
the  measurement  of  the  necessary  lines  which  are  to  join  certain 
points,  or  to  be  prolonged  in  the  same  direction*  Many  special 
precautions  and  contrivances  are^  therefore,  rendered  necessary ; 
and  the  best  methods  to  be  employed,  when  the  chain  alone  is  to 
be  used,  will  be  ^ven  in  the  present  chapter. 

(1S9)  The  methods  now  to  be  given  for  overcoming  the  various 
obstacles  met  with  in  practice,  constitute  a  Land-Geometbt. 
Its  problems  are  performed  on  the  ground  instead  of  on 
paper :  its  compasses  are  a  chain  fixed  at  one  end  and  free  to  swing 
around  with  the  other ;  its  scaie  is  the  chain  itself;  and  its  rvler 
is  the  same  chain  stretched  tight.  Its  advantages  are  that  its  sin- 
gle instrument,  (or  a  substitute  for  it,  such  as  a  tape,  a  rope,  &c.) 
can  be  found  anywhere ;  and  its  only  auxiliaries  are  equally  easj 
to  obtain,  being  a  few  straight  and  slender  rods,  and  a  plumb-line, 
for  which  a  pebble  suspended  by  a  thread  is  a  sufficient  substitute. 

Many  of  tfiese  problems  require  the  employment  of  perpendicu- 
lar and  parallel  Imes.  For  this  reason  we  will  commence  with  this 
class  of  Problems. 

The  Demonstrations  of  these  problems  will  be  placed  in  an  Ap- 
pendix to  tins  volume,  which  will  be  the  most  convenient  arrange- 
ment for  the  two  great  classes  of  students  of  surveying ;  those  who 
wish  merely  the  practice  without  the  principles,  and  those  who  wish 
to  secure  both. 

The  elegant  ^^  Theory  of  Transversals"  will  be  an  important  ele* 
ment  in  some  of  these  demonstrations.  All  of  them  will  constitute 
excellent  exercises  for  students. 
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PROBLEMS  ON  PERPENDICULARS/ 
PrdUeM  It     lb  erect  a  perpendicular  at  any  paint  of  a  line. 

(110)  F{r9t  Method.  Let  A  be  the 
point  at  which  a  peipendictilar  to  the  line  is 
to  be  set  out.  Measure  off  equal  distances 
AB,  AC,  on  each  side  of  the  point.  Take 
a  portion  of  the  chain  not  quite  1^  times  as 
long  as  AB  or  AC,  fix  one  end  of  this  at  B, 
and  describe  an  arc  with  the  other  end. 
Do  the  same  from  C.  The  intersection  of  these  arcs  will  fix  a  point 
D.  AD  will  be  the  perpendicular  required.  Repeat  the  operation 
on  the  other  side  of  the  Ime.  If  that  is  impossible,  repeat  it  on 
the  side  with  a  different  length  of  chain. 

(141)  Second  Method,  Measure  off  as  be- 
fore, equal  distances  AB,  AC,  but  each  about 
only  one-third  of  the  chain.  Fasten  the  ends 
of  the  chain  with  two  pins  at  B  and  C.  Stretch  ^-^^ 
it  out  on  one  side  of  the  line  and  put  a  pin  at  the 
middle  of  it,  D.  Do  the  same  on  the  other 
side  of  the  line,  and  set  a  pin  at  E.  Then  is  DE  a  perpendicular 
to  BC.  If  it  is  impossible  to  perform  the  operation  on  both  sides 
of  the  line,  repeat  it  on  the  same  dde  with  a  different  length  of 
chain,  as  shown  bj  the  lines  BF  and  CF  in  the  figure,  so  as  to  get 
a  second  point 

(142)  Other  Methods.    All  the  methods  to  be  given  for  the 
next  problem  may  be  applied  to  this. 


'  Many  of  these  methods  wouli]  seldom  be  re(|aired  in  practice,  bat  cases  som^ 
times  occar,  as  every  surveyor  of  mach  experience  in  Field-work  has  found  to 
his  serious  inconvenience,  in  which  some  peculiarity  of  the  local  circumstances 
forbids  any  of  the  usual  methods  being  applied.  In  such  cases  the  collection  here 
given  will  be  found  of  great  value. 

In  all  the  figures,  tlie  given  and  measured  lines  are  drawn  with  fine  full  lines , 
the  visual  lines,  or  lines  of  sight,  with  broken  lines,  and  the  lines  of  the  result 
•with  heavy  full  lines.  The  points  which  are  centres  around  which  the  chain  it 
■wnng,  are  enclosed  in  circles.  The  alphabetical  order  of  the  letters  attached  to 
the  points  shows  in  what  order  they  are  taken. 
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when  the  paint  is  at  or  near  iJie  end  of  dhe  line. 

(148)  JKrBt  Method.     Measure  F]g.8S. 

40  links  along  the  line.  Let  one  aa- 
sistant  hold  one  end  of  tbe  chain  at 
that  point ;  let  a  second  hold  the  20 
link  mark  which  is  nearest  the  o^et 
end,  at  the  g^ven  pomt  A,  and  let  a 
third  take  the  50  link  mark,  and 
tighten  the  chain,  drawing  equally  on  both  portions  of  it.  Then 
will  the  50  link  mark  be  in  the  perpendicular  desired.  Repeat 
the  operation  on  the  other  side  of  the  line  so  as  to  test  the  work. 

The  aboye  numbers  are  Uie  most  easily  remembered,  but  the 
longer  the  lines  measured  the  better ;  and  nearly  the  whole  chain 
may  be  used,  thus :  Fix  down  the  86th  link  from  one  end  at  A, 
and  the  4th  link  from  the  same  end  on  the  line  at  B.  |  Hz  the 
other  end  of  the  chain  also  at  B.  Take  the  40th  link  mark  fix>m 
this  last  end,  and  draw  the  chain  tight,  and  this  mark  will  be  in 
the  perpendicular  desired.  The  sides  of  the  triangle  formed  by 
the  chain  will  be  24,  82  and  40. 


(114)  Otherwise :  usmg  a  50  feet 
tape,  hold  the  16  feet  mark  at  A ; 
hold  the  48  feet  mark  and  the  ring- 
end  of  the  tape  together  on  the  line ; 
take  the  28  feet  mark  of  the  tape,  and 
draw  it  tight ;  then  will  the  28  feet 
mark  be  in  the  perpendicular  desired. 


Fig.  S9. 


(145)  Second  Method.  Hold  one  end 
of  the  chain  at  A  and  fix  the  other  end  at  a 
point  B,  taken  at  will.  Swing  the  chain 
around  B  as  a  centre,  till  it  again  meets  the 
line  at  C.  Then  carry  the  satne  end  around 
(the  other  end  remaining  at  B)  till  it  comes 
m  the  line  of  GB  at  D.  AD  is  the  perpen- 
dicular required. 


Fig.  90. 


C"^^ ^X 
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(lit)   Third  Method.    Let  A  be  the  ^ven  •         Fig.  91. 

point.    Choose  any  point  B.    Measure  BA. 

Set  off,  on  the  given  line,  AG  =  AB.    On  CB 

2  AC^ 
produced  set  off  from  C,  a  distance  =    ^^  . 

This  Trill  fix  the  point  D,  and  AD  wiU  be  the 
perpendicular  required. 

0^7)  Fourth  Mdhod.     From  flie  pig.  92. 

given  point  A  set  off  on  the  given  line 
any  distance  AB.  From  B,  in  any 
convenient  direction,  set  off  BC  =  AB. 
Then  on  the  pven  line,  set  off  AD  = 

AC.  On  CB  prolonged,  set  off  CB  = 

AD.  Join  DE;  and  on  DE,  from  D,  setoff  DF  =  2  AB.    Then 
^  the  line  AF  be  perpendicular  to  the  line  AD  at'the  point  A. 

ProUen  S«  To  erect  a  perpendicular  to  an  inaccessible  linsj 
at  a  given  point  of  it. 

(148)  First  Method.  Get  points  in  the  direction  of  the  inao- 
cessible  line  prolonged,  and  from  them  set  out  a  parallel  to  the  line, 
by  methods  which  are  ^ven  in  Art.  (165),  &c.  find  by  trial  the 
point  in  which  a  perpendicular  to  this  second  line  (and  therefore  to 
the  first  line)  will  pass  through  the  required  point. 

(14f)  Second  Method.  If  the  line  is  not  only  inaccesrible, 
but  cannot  have  its  direction  prolonged,  the  desired  perpendicular 
can  be  obtained  only  by  a  complicated  trigonometrical  operation. 

ProUem  !•  To  let  fall  a  perpendicular  from  a  given  point  t$ 
a  given  line, 

(140)  First  Method.    Let  P  be  Fi^98. 

the  given  point,  and  AB  the  ^ven 
Bne.  Measure  some  distance,  a  chain 
or  less,  from  C  to  P,  and  then  fix  one 
end  of  the  chain  at  P,  and  swing  it 
around  till  the  same  distance  meets 
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the  line  at  some  ^pcisxt  D.  The  middle  point  E  of  the  distance  CD 
will  be  the  required  pomt,  at  which  the  perpendicular  from  F 
would  meet  the  Ime. 


(151)  Second  Mdhod.     Stretch  a  chain,  or  a  portion  of  it. 


from  the  given  point  P,  to  some  pomt,  as  A,  of  the 
given  line.  Hold  the  end  of  the  distance  at  A, 
and  swing  round  the  other  end  of  the  chain 
from  Py  so  as  to  set  off  the  same  distance  along 
the  ^ven  line  from  A  to  some  point  B.  Mea- 
sure BP 

BP^ 
desired  perpendicular  =  »  ^ 


A.  C      B 

Then  will  the  distance  BG  from  B  to  the  foot  of  the 


Fig.  95. 


(152)  Other  Methods.     All  the  methods  given  m  the  next 
problem  can  be  applied  to  this  one.  (>  v-^^ 

ProHen  5«     To  let  fall  a  perpendicular  to  a  line^  from  a  point 
nearly  opposite  to  the  end  of  the  line. 

(153)  Mret  Method.  Stretch  a  chain  from  the  given  point  P, 
to  some  point,  as  A,  of  the  given  line.  Fix  to 
the  ground  the  middle  point  B  of  the  chain 
AP,  and  swing  around  the  end  which  was  at 
P,  or  at  A,  till  it  meets  the  given  line  m  a 
point  C,  which  will  be  the  foot  of  the  re- 
quired perpendicular. 

(154)  Second  Method.  Take  any  point, 
as  A,  on  the  given  line.  Measure  a  dis- 
tance AB.  Let  the  end  of  this  distance 
on  the  chain  be  held  at  B,  and  swing  around 
the  end  of  the  chtun,  till  it  comes  in  the  ^  b 
line  of  AP  at  some  pomt  C,  thus  making  BC  =  AB.  Measurt 
AG  and  AP.    Then  the  distance  AD,  from  A  to  the  foot  of  the 

,.    ,  .    ,      APxAC 

perpendicular  required  =    ^  .  ^    . 
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(155)  Third  Method.  At  any  conyenient 
point,  as  A,  of  the  ^ven  Hne,  erect  a  perpen- 
dicular,  of  any  convenient  length,  as  AB,  and 
mark  a  pomt  0  on  the  given  Ime,  in  the  line 
of  P  and  B.  Measure  CA,  CB  and  CP. 
Then  the  distance  from  0  to  the  foot  of  the 

CAxCP 


perpendicular,  !•  e.  CD  =  • 


CB 


Fig.  97. 


ProUem  6«     To  let  fall  a  perpendicular  to  a  linsj  from 
inaece»mble  point. 


(156)  FirBt  Method.  Let  P  be  the  g^v^n 
point.  At  any  point  A,  on  the  ^ven  line,  set  out 
a  perpendicular  AB  of  any  conyenient  length. 
Prolong  it  on  the  other  side  of  the  line  the 
flHune  distance.  Mark  on  the  (pven  Ime  a 
point  D  in  the  line  of  PB;  and  a  point  E  in 
the  line  of  PC.  Mark  the  point  F  at  the  in- 
tersection of  DC  and  BE  prolonged.  The  Ime 
FP  is  the  line  required,  being  perpendicular 
to  the  ^ven  line  at  the  point  G-. 


(157)  Second  Method.  Let  A  and  B 
be  two  points  of  the  ^ven  line.  From  A 
let  fall  a  perpendicular,  AC,  to  the  visual 
line  BP ;  and  from  B  let  fall  a  perpendi- 
cular, BD,  to  the  visual  line  AP.  Find 
ifae  point  at  which  th^e  perpendiculars 
intersect,  as  at  E  (see  Art.(133)),  and  the 
line  PE,  prolonged  to  F,  will  give  the 
perpendicular  required. 


ProUen  7«     To  let  fall  a  perpendicvlar  from  a  given  point  to 
m  tnaccaeible  line. 


Fig.  99. 


/ 
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(158)  Firri  Method.    Let  P  be  pig.  lOO. 
the  given  pomt  and  AB  Uie  pven  A- 
line.    By  the  preceding  problem,  let 
fall  perpendiculars  firom  A  to  BP,  at 
0 ;  and  from  B  to  AP,  at  D ;  the 
Ime  PE,  passing  from  the  pven  point 
to  the  intersection  of  these  perpendiculars,  is  the  desired  perpendi- 
cular to  the  inaccessible  line  AB. 

This  method  Trill  apply  when  only  two  pomts  of  the  line  aare 
Tisible. 

(159)  Second  Method.  Through  the  given  pomt,  set  out,  by 
the  methods  of  Art.  (165),  4c.,  a  line  parallel  .to  the  inaccesable 
Ime.  At  the  given  point  erect  a  perpendicular  to  the  parallel  line, 
and  it  will  be  the  required  perpendicular  to  the  inaccessible  line. 

PROBLEMS  ON  PARALLELS. 
Problem  1.     lb  run  a  line,  from  a  given  paint,  parallel  to  a 
given  line. 

(WO)  Mrst  Method.  Let  fall  a  perpendicular  fipom  the  point 
to  the  line.  At  another  point  of  the  line,  as  far  off  as  possible, 
erect  a  perpendicular,  equal  in  length  to  the  one  just  let  fall.  The 
line  joioing  the  end  of  this  line  to  the  given  point  will  be  the  paral« 
lei  required. 

(161)  Second  Method.  LetABbe 
the  given  line,  and  P  the  giveh  point. 
Take  any  point,  as  €,  on  the  ^ven  line, 
and  from  it  set  off  equal  distances,  as 
long  as  possible,  CD  on  the  given  line, 
and  CE,  on  the  Ime  CP.  Measure 
DE.  From  P  set  off  PF  =  CE ;  and  from  F,  with  a  distance  =» 
DE,  and  from  P,  with  a  distance  =  CD,  descnbe  arcs  intersect- 
mg  m  G.  PG  will  be  the  parallel  required.  If  it  is  more  con- 
venient, PC  may  be  prolonged,  and  the  equal  triangle,  CDE,  be 
formed  on  the  other  side  of  the  line  AB. 
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<li2)  Third  Method.  Measure  from 
P  to  any  point,  as  C,  of  the  given  line,  and  A: 
•put  a  mark  at  the  middle  point,  D,  of  that 
line.  From  any  point,  as  E,  of  the  given 
line,mea8are  aline  to  the  pointD,and  con- 
tinne  it  tiUDF  =  DE.  Then  will  the  line 
PF  be  parallel  to  AB. 


(163)  Foterih  Method.  Measore&om 
P  to  any  point  C,  of  the  given  line,  and 
continue  the  measurement  till  CD  =  CP. 
From  D  measure  to  any  point  £  of  the 
^ven  line,  and  continue  the  measurement 
tin  EF  =  ED.  Then  will  tiie  line  PF 
be  parallel  to  AB.  If  more  convenient, 
CD  may  be  made  one-half,  or  any  other  fraction,  of  CP,.  and  EP 
be  then  made  twice,  &c.,  DE. 


Fig.  104. 

C 


X3 
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(1<4)  Fifth  Method.  From  any 
point,  as  C,  of  the  line,  set  off  equal  A.- 
distances  along  the  line,  to  D  and  E. 
Take  a  point  F,  in  the  Ime  of  PD. 
Stake  out  the  lines  FC  and  FE,  and 
also  the  line  EP,  crossing  the  line  CF 

in  the  pomt  G.    Lastiy,  prolong  the  line  DG,  till  It  meets  the 
ISaae  EF  in  the  pomt  H.    PH  is  the  parallel  required.  ^ 


\t 
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ProUem  2.     lb  run  a  line  from  a  given  point  parallel  to  on 
tnaeeeseible  line. 

(1C5)  First  Method.  Let  AB 
be  the  given  line,  and  P  the  given 
point.  Set  a  stake  at  C,  in  the  line 
of  PA,  and  another  at  any  conven- 
ient point,  D.  Through  P,  set  out, 
by  the  preceding  problem,  a  parallel 
to  DA,  and  set  a  stake  at  the  point, 
M  E,  where  this  parallel  intersects  DC  prolonged.    Through  B 


104  OAIll  SVKfETIllfi*  '     [PisiiL 

set  out  a  parallel  to  BD,  and  set  a  stake  at  tbe'pomt  F,  where  Ous 
parallel  intersects  BO  prolonged     PF  is  the  pwallel  required 

(IM)  Secmd  Method.    Set  a  stake    _  Fi«.  106. 

at  any  point,  C,  in  the  line  of  AP,  and 
another  at  any  conyenient  place,  as  at  D. 
Through  P  set  out  a  parallel  to  AD,         ^,  rp  -      \ 

Intersecting  CD  in  E.    Through  E  set  VV^^ 

out  a  parallel  to  DB,  intersecting  CB  in  ^^^"B**^ 

F.    The  Ime  PF  will  he  the  parallel  re-  ^ 

qmred. 

(167)  AUHemeit  aid  IHeasireiiieit.  We  are  now  prepared, 
having  secured  a  variety  of  methods  for  setting  out  Perpendirulars 
and  Parallels  in  every  probable  case,  to  take  up  the  general  sub- 
ject of  overcoming  Obstacles  to  Measurement 

Before  a  line  can  be  measured,  its  direction  must  be  determined. 
This  operation  is  called  Ranging  the  line;  or  Alining  it;  or 
Boning  it*  The  word  AKnement\  will  be  found  very  convenient 
for  ezpresfflng  the  direction  of  a  line  on  the  ground,  whether 
between  two  points,  or  in  their  direction  prolonged. 

This  branch  of  our  subject  naturally  divides  itself  into  two  parti, 
ihe  first  of  which  is  preliminaiy  to  the  second ;  viz : 

I.  Of  Otetades  to  Aliiemeiit ;  or  how  to  establish  the  eUree* 
tion  of  a  line  in  any  situation. 

IL  Of  Obstacles  to  Measnremeit;  or  how  to  find  the  length  of 
a  line  which  cannot  be  actually  measured. 

I.   OBSTACLES  TO  ALINEMENT. 

(168)  All  the  cases  which  can  occur  under  this  head,  may  be 
reduced  to  two;  viz: 

A.  To  find  points  in  a  Ime  beyond  the  given  points,  i.  e.  to 
prolong  the  line. 

B.  To  find  points  in  a  Ime  between  two  ^ven  points  of  it,  L  o« 
lO  interpolate  points  in  the  line. 

*  This  wordf  like  many  others  used  in  En^neering,  is  derived  from  a  Freadi 
word,  Bamer,  to  mark  out,  or  limit ;  iodicating  that  the  Normans  introdaoed  th€ 
art  of  Surveying  into  England. 

t  Slightly  modified  from  the  French  AHgnemenL 
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A.    TO  PROLONG  A  LINE 

(IM)  By  nng^  with  rodSt  When  two  points  in  a  line  are 
l^ven,  and  it  is  desired  to  Fig.  107. 

prolong  the  Ime  by  ran^g    -^^^^S^^^^^^^^- 

it  ont  mOi  rods,  three  per-  -^  "^^^^^^^^j^?^**^ 
sons  are  required,  each  furnished  with  a  straight  slender  rod,  and 
with  a  plumb-line,  or  other  means  of  keeping  their  rods  vertical. 
One  holds  his  rod  at  one  of  the  giyen  pomts.  A,  in  the  figure,  aad 
another  at  B.  A  third,  C,  goes  forward  as  far  as  he  can  without 
losing  si^t  of  the  first  two  rods,  and  theb,  looking  back,  puts  him* 
self  '^  in  line"  with  A  and  B,  i.  e.  so  that  when  his  eye  is  placed 
at  C,  the  rod  at  B  hides  or  covers  the  rod  at  A.  This  he  can  do 
most  accurately  by  holding  a  plumb-hne  before  his  eye,  so  that  it 
shall  cover  the  first  two  rods.  The  lower  end  of  the  plumb-bob 
will  then  indicate  the  pomt  where  the  third  rod  should  be  placed ; 
and  so  with  the  rest.  The  first  man,  at  A,  is  then  signalled,  and 
comes  forward,  passes  both  the  others,  and  puts  himself  at  D,  ^^  in 
line"  with  C  and  B.  The  man  at  B,  then  goes  on  to  E,  and  ^^  lines" 
himself  with  D  and  0  :  and  so  they  proceed,  in  this  ^^  hand  over 
hand"  operation,  as  far  as  is  desired.  Stakes  are  driven  at  each 
point  in  the  line,  as  soon  as  it  is  determined. 

(170)  The  rods  should  be  perfectly  straight,  either  cylindrical  or 
polygonal,  and  as  slender  as  they  can  be  without  bending.  They 
should  be  painted  in  alternate  bands  of  red  and  white,  each  a  foot, 
or  link,  in  length.  Their  lower  ends  should  be  pouited  with  iron, 
and  a  projecting  bolt  of  iron  will  enable  them  to  be  pressed  down 
by  the  foot  into  the  earth,  so  that  they  can  stand  alone.  When 
this  is  done,  one  man  can  range  out  a  line.  A  rod  can  be  set  per- 
fectly vertical,  by  holding  a  plumb-line  before  the  eye  at  some  dis- 
tance from  the  rod,  and  adjusting  the  rod  so  that  the  plumb-line 
covers  it  from  top  to  bottom ;  and  then  repeatiag  the  operation  in 
a  direction  at  right  angles  to  the  former.  A  stone  dropped  from 
top  to  bottom  of  the  rods  will  approximately  attain  the  same  end. 

When  the  lines  to  be  ranged  are  long,  and  great  accuracy  is  re> 
quired,  the  rods  may  have  attached  to  them  plates  of  tin  with  opec 
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ingp  cut  out  of  them,  and  black  horse-hairs  stretched  fifom  Fig.ios 
top  to  bottom  of  the  openings.    A  small  telescope  must 
then  be  used  for  ran^g  these  hairs  m  line.    In  a  hasty 
survey,  straight  twigs,  with  their  tops  split  to  receive  a  pa- 
per folded  as  in  the  figure,  may  be  used. 
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(171)  By  perpeiilciilars.         ^  ^ 

The  straight  line,  AB  in  the  — ^ 1  Ol  f — 

figure,  is  supposed  to  be  stop-      c  D       £  F 

ped  by  a  tree,  a  house,  or  other  obstacle,  and  it  is  desired  to  pro- 
long the  line  beyond  this  obstacle.  From  any  two  points,  as  A 
and  B,  of  the  line,  set  oflf  (by  some  of  the  methods  which  have  been 
given)  equal  perpendiculars,  AC  and  BD,long  enough  to  pass  tiie 
obstacle.  Prolong  this  line  beyond  the  obstacle,  and  from  any  two 
points  in  it,  as  E  and  F,  measure  the  perpendiculars  EG-  and 
FH,  equal  to  the  first  two,  but  in  a  contrary  direction.  Then 
will  6  and  H  be  two  points  in  the  line  AB  prolonged,  which  can 
be  continued  by  the  method  of  tiie  last  article.  The  points  A 
and  B  should  be  taken  as  far  apart  as  possible,  as  should  also 
the  points  E  and  F.  G^ee  or  more  perpendiculars,  on  each 
ude  of  tiie  obstacle,  may  be  set  off,  in  order  to  increase  the  aecvh 
racy  of  the  operation.  The  same  thing  may  also  be  done  on  liie 
other  side  of  the  line,  as  another  confirmation,  or  test,  of  the  accu- 
racy of  the  prolonged  line. 

(172)  By  efollateral  tnaHgles. 

The  obstacles,  noticed  in  the  last  arti- 
cle, may  also  be  overcome  by  means  of 
three  equilateral  triangles,  formed  by 
the  chain,  fix  one  end  d  the  chain, 
and  also  the  end  of  the  first  link  from 
its  other  end,  at  B ;  fix  the  end  of  the 
88d  link  at  A ;  take  hold  of  the  66tii  ^ 

link,  and  draw  the  chain  ti^t,  pullmg  equally  on  each  part,  and 
put  a  pin  at  the  pomt  thus  found,  G,  in  tiie  figure.  An  equilateral 
triangle  will  thus  be  formed,  each  side  bemg  S3  links.  Prolong 
the  line  AC,  past  the  obstacle,  to  some  point,  as  I).    Make  another 
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equilateral  triangle,  DEF,  as  before,  and  thus  fix  the  point  F.  Pit)- 
long  DF,  to  a  length  equal  to  that  of  AD,  and  thus  fix  a  points. 
At  G  form  a  third  equilateral  triangle  6HK,  and  thus  fix  a  point 
K.    Then  will  KG  ^ve  the  direction  of  AB  prolonged. 

(ITS/W  SfBMlrical  titoagtes.  Let  AB  be  the  line  to  be 
prolonged.  Take  any  conve- 
nient pomt,  as  0.  Baoge 
out  the  line*  AC,  to  a  point 
A',  such  that  CA'  =  CA. 
Baage  out  CB,  so  that  GB' 
=  CB.  Bange  backwards 
A'B',  to  some  pdnt  D,  such 
that  DC  prolonged  will  pass 
the  obstacle,  find,  by  ranging,  the  intersection,  at  E,  of  DB  and 
AC.  From  C,  measure,  on  CA',  the  distance  C£'-*  CE.  Then 
range  out  DC  and  B'E'  to  their  intersection  in  P,  which  will  be  a 
required  pomt  in  the  direction  of  AB  prolonged.  The  symmetri- 
cal points  are  marked  by  corresponding  letters.  Several  other 
points  should  be  obtained  in  the  same  manner. 

In  this,  as  in  all  similar  operations,  very  acute  intersections 
flhould  be  avoided  as  far  as  possible.^ 


tig.  iia. 


(ITl)  By  transyersab.  LetABbe 
Hie  ^ven  line.  Take  any  two  points  C 
and  D,  euch  that  the  line  CD  will  pass 
Ae  obstacle.  Take  another  point,  E, 
in  the  intersection  of  CA  and  DB. 
Measure  AE,  AC,  CD,  BD  and  BE. 
Then  the  distance  from  D  to  P,  a  pomt 
in  the  required  prolongation,  mlL  be 
-DP—  CDxBDxAE 
^^  ~  BEx AC— BDxAE* 

Oilier  p(»nt8  in  the  prolongation  may 
be  obtained  m  the  same  manner,  by 
SMfdy  moving  the  single  point  C,  in  the 
line  of  EA ;  in  which  case  the  new  distances  CA  and  CD  wSI 
alone  require  to  be  measured. 
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CDxBD 
If  AE  be  made  equal  to  AC,  then  is  DP  =  g^ngjj* 

CDx  AE 
If  BE  be  made  equal  to  BD,  then  is  DP  =^  ^0— ak* 

The  miniLS  sign  in  the  denominators  must  be  understood  as  only 
meamng  that  the  difiFerence  of  the  two  terms  is  to  be  taken,  without 
regard  to  which  is  the  greater. 

(175)  By  liarmoiilc  e^^jugates.  Fi;:.  iid. 

Let  AB  be  the  pven  line.     Set  a   ^  bR^^"^"  P 

stake  at  any  pomtC.    Set  stakes  at  ^:r^  7 '^7^^^' 

points,  D,  on  the  line  CA,  and  at     '^.^  ""^-.^5>''  1^^''X 
E,  on  the  line  CB;  these  points,  N,       /X^'i     / 

D  and  E,  being  so  chosen  that  the  h<f^^'^  -' 1     ''' 

line  DE  will  pass  beyond  the  obsta-  ^^    ffi[-U' 

cle.     Set  a  fourth  stake,  F,  at  tiie  \  ^f 

intersection  of  the  lines  AE  and  ^\  ^ 

DB.     Set  a  fifth  stake,  0,  any-  r 

where  in  the  line  GF ;  a  sixth  stake,  H,  at  the  intersection  of  CB 
and  DGr  prolonged ;  and  a  seventh,  E,  at  the  intersection  of  CA 
and  EGr  prolonged.  Fmally,  range  out  the  lines  DE  and  KH, 
and  their  intersection  at  P,  will  be  in  the  Ime  AB  prolonged. 

(176)  By  the  complete  fuirllateraL'  Let  AB  be  the  ^yen 
line.  Take  any  conven- 
ient point  C;  measure 
from  it  to  B,  and  onward, 
01  the  same  tine  prolong- 
ed, an  equal  distance  to  D. 
Take  any  other  convenient 
point,  E,  such  that  CE  and 
DE  produced  will  clear  the  obstacle.  Measure  from  E  to  A,  and 
onward,  an  equal  distance,  to  F.  Bange  out  the  lines  FG  and  DE 
to  their  intersection  m  G*.  Bange  out  FD  and  CE  to  inter- 
sect in  H.  Measure  GH.  Its  middle  point,  P,  is  the  required 
pcnnt  in  the  line  of  AB  prolonged.  The  imavoidable  acute  inter- 
sections in  this  construction  are  objectionable. 
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B.  TO  INTERPOLATE  POINTS  IN  A  LINE. 

(177)  The  most  distant  ^yen  point  of  iihe  line  must  be  made 
as  conspicuous  as  poe^ble,  By  any  efficient  means,  such  as  placmg 
there  a  staff,  bearing  a  flag;  red  and  white,  if  seen  against 
woods,  or  other  dark  back-ground ;  and  red  and  green,  if  seen 
against  the  sky. 

A  convenient  and  portable  signal  is  shown  in  the  figure. 


Ivwrf  Vkw 


Fig.  115. 
Side  View. 


Back  View, 


sDf 


The  figure  represents  a  disc  of  tin,  about  six  inches  in  diameter, 
painted  white  and  hinged  in  the  middle,  to  make  it  more  portable. 
It  is  kept  open  by  the  bar,  B,  being  turned  into  the  catch,  0. 
A  screw,  S,  holds  the  disc  in  a  slit  in  the  top  of  the  pole. 

Another  contrivance  is  a  strip  of  tin,  which  has  its  ends  bent 
horizontally  in  contrary  directions.  As  the  wind  will  take  strong- 
est hold  of  the  side  which  is  concave  towards  it,  the  bent  strip  will 
continually  revolve,  and  thus  be  very  conspicuous.  Its  upper  half 
should  be  painted  red  and  its  lower  half  white. 

A  bright  tin  cone  set  on  the  staff,  can  be  seen  at  a  great  distance 
when  the  sun  is  shining. 

178)  Rangbig  to  a  point,  thus  made  conspicuous,  is  very  sim- 
ple when  the  ground  is  leveL  The  surveyor  places  his  eye  at  the 
nearest  end  of  the  line,  or  stands  a  little  behind  a  rod  placed  on  it, 
and  by  signs  moves  an  assistant,  holding  a  rod  at  some  point  as 
nearly  in  the  desired  line  as  he  can  guess,  to  the  right  or  left,  till 
his  rod  appears  to  cover  the  distant  point. 
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(179)  Across  a  yalley*     When  a  ralley,  or  low  spot,  inter 
Tenes  between  the  two  ends  pig.  ne. 

of  the  Ime^AandZin  the 
figore,  a  rod  held  in  the 
low  place,  aa  at  B,  would 
seldom  be  high  enough  to 
be  seen,  firom  A,  to  cover 
the  distant  rod  at  Z.  In 
such  a  case,  the  surreyor  at  A  should  held  up  a  plumb-line  over 
the  point,  at  arm's  length,  and  place  nis  eye  so  that  the  plumb-line 
covers  the  rod  at  Z.  He  should  then  direct  the  rod  held  at  B  to 
be  moved  till  it  too  is  covered  by  the  plumb-line.  The  point  B  is 
then  said  to  be  '^  in  Ime"  between  A  and  Z.  In  geometrical  lan- 
guage, B  has  now  been  placed  in  the  vertical  plane  determined  by 
the  vertical  plumb-lme  and  the  point  Z.  Any  number  of  interme- 
diate points  can  thus  be  '^  interpolated,"  or  placed  in  line  between 
A  andZ. 

(180)  Over  a  hilL    When  a  hill  rises  between  two  pomts  and 
prevents  one  being  seen  from  the  other,  as  in  the  figure,  (the  xxfipet 

Fig.  117. 
B-L  IC 


of  which  shows  the  hill  in  "  Elevation,"  and  the  lower  part  in 
"  Plan"),  two  observers,  B  and  C,  each  holding  a  rod,  may  place 
themselves  on  the  ridge,  in  the  line  between  the  two  points,  as 
nearly  as  they  can  guess,  and  so  that  each  can  at  once  see  the  other 
and  the  point  beyond  him.    B  looks  to  Z,  and  by  signals  puts  O 
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^  in  line.''  G  tiien  looks  to  A,  and  puts  B  in  Ime  at  B^  B  re- 
peats his  operation  from  B',  putting  G  at  G',  and  is  then  himself 
moved  to  B",  and  so  they  alternately  "  line"  each  other,  continu- 
ally approximating  to  the  straight  line  between  A  and  Z,  till  they 
at  last  find  themselves  both  exactly  in  it,  at  W  and  G^'^ 

(181)  A  sin^e  person  may  put  himself  in  line  between  two 
points,  on  ilie  same  pnnciple,  by  laying  a  strai^t  stick  on  some 
support,  going  to  each  end  of  it  in  turn,  and  making  it  point  suc- 
cessively to  each  end  of  the  line.'  Thi  "  Surveyor's  Gross,"  Art, 
(IM),  is  convenient  for  this  purpose,  when  set  up  between  the  two 
^ven  points,  and  iHoved  again  and  again,  until,  by  repeated  trials, 
one  of  its  slits  sights  to  the  given  pomts  when  looked  through  in 
either  direction. 


Fig.  us. 


no. 


(ISt)  On  water.  A  simple  instru- 
ment for  the  same  object,  is  represented 
in  the  figure.  AB  and  GD  are  two 
tubes,  about  1^  inches  in  diameter,  con- 
nected by  a  smaller  tube  EF.  A  piece 
of  looking-glajss,  6H,  is  placed  in  the 
lower  part  of  the  tube  AB,  and  another, 
KL,  in  the  tube  GD.  The  planes  of 
the  two  mirrors  are  at  right  angles  to 
each  other.  The  eye  is  placed  at  A,  and 
the  tube  AB  is  directed  to  any  distant 
object,  as  X,  and  any  other  object  be- 
hind the  observer,  as  Z,  will  be  seen,  ap- 
parently under  the  first  object  in  the  mirror  GH,  by  reflection  fi-om 
the  mirror  KL,  when  the  observer  has  succeeded  in  getting  in  line 
between  the  two  objects.  M,  N,  are  screws  by  which  the  mirror 
KL  may  be  adjusted.  The  distance  between  the  two  tubes  will 
eause  a  small  parallax,  which  will,  however,  be  insensible  except 
idien  the  two  objects  are  near  together. 
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(18S)  Throigh  a  WMit    When  a  wood  interyenes  between 
any  two  ^ven  Fig.  119. 

points,      pre-  ,^>^  ^  t^     ^ 

venting     one  ^  ->N-.C^i5---?^fer§2'^^^'^r^ 


from       being    ,  -^— '"^IT^^S^'^J^^  ?- 


eeen  fromtiie    ^  ^'   ^  ^'  ^       D'^^^^^   z' 

other,  aj9  in  the  figure,  in  which  A  and  Z  are  the  ^ven  points,  pro- 
ceed thus.  Hold  a  rod  at  some  point  B'  as  nearly  in  the  desired 
line  from  A  as  can  be  guessed  at,  and  as  far  from  A  as  possible. 
To  approximate  to  the  proper  direction,  an  assistant  may  be  sent  to 
tiie  other  end  of  the  line,  and  his  shouts  will  indicate  the  direction ; 
or  a  gun  may  be  fired  there ;  or,  if  very  distant,  a  rocket  may  be 
sent  up  after  dark.  Then  range  out  the  ^^  random  line  "  AS',  by 
the  method  ^ven  in  Art.  (169),  noting  also  the  distance  from  A 
to  each  pomt  found,  till  you  arrive  at  a  point  Z',  opposite  to  the 
point  Z,  i.  e.  at  that  point  of  the  line  from  which  a  perpendicular 
there  erected  would  strike  the  point  Z.  Measure  Z'Z.  Then 
move  each  of  the  stakes,  perpendicularly  from  the  line  AZ',  a  dis- 
tance proportional  to  their  distances  from  A.  Thus,  if  AZ'  be 
1000  links,  and  l^'Z  be  10  links,  then  a  stake  B',  200  links  from 
A,  should  be  moved  2  links  to  a  point  B,  which  will  be  in  the  do- 
sired  straight  line  AZ ;  if  C  be  400  links  from  A,  it  should  be 
moved  4  links  to  G,  and  so  with  the  rest.  The  line  should  then 
be  cleared,  and  the  accuracy  of  the  position,  of  these  stakes  tested 
by  rangmg  from  A  to  Z. 

^  (184)  To  an  invisible  intersection.    Let  AB  and  CD  be  two 

lines,  which,  if  prolong-  ^     ^'^E- 120. 

ed,  would  meet  in  a 

point  Z,  mvisible  from 

either  of  them ;  and  let 

P  be  a  point,  from  which 

a  line  is  required  to  be 

set  out,  tending  to  this 

invisible      intersection,  c^ 

Set  stakes  at  the  five  given  points,  A,  B,  G,  D,  P.     Set  a  mxtb 

stake  at  E,  in  the  alinements  of  AD  and  GP ;  and  a  seventh  stako 
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at  F,  in  tiie  alinements  of  BC  and  AP.    Then  set  an  ei^ih  stake 

at  G,  in  the  alinements  of  BE  and  DF.    PG  inll  be  Oie  required 

Hue. 

Otherwise ;  Through  P  range  out  a  parallel  to  the  line  BD. 

Note  the  points  where  this  parallel  meets  AB  and  CD,  and  call 

these  points  Q  and  B.    Then  the  distance  from  B,  on  the  line  BD, 

to  a  point  which  shall  be  in  the  required  line  nmnmg  from  P  to  the 

•    •  1.1       •  ^     n  k       BDxQP 
myifflble  pomt,  will  be  =  — Qg — 

II.  OBSTACLES  TO  MEASUREMENT. 

(185)  The  cases,  in  which  the  direct  measurement  of  a  line  is 
pvevented  by  various  obstacles^  maj  be  reduced  to  three. 

A.  When  both  evtch  of  the  line  are  acee9iible. 

B.  When  one  end  of  it  is  maeceenble. 
O.  When  both  end$  of  it  are  inaeeeenble. 

A.  WHEN  BOTH  ENDS  OF  THE  LIRE  ABE  ACCESSIBLE. 

(186)  By  perpeBdicalars.     On  Fig.  m. 

reaching  the  obstacle,  as  at  A  in  

the  figure,  set  oflF  a  perpendicular,  """"^ 
AB ;  torn  a  secondright  angle  at  B,  -y 


C 

and  measure  past  the  obstacle ;  turn  a  third  right  angle  at  G ;  and 

measure  to  the  ori^nal  line  at  D.    Then  will  the  measured  dis- 
tance, BG,  be  equal  to  the  desired  distance,  AD. 

If  the  direction  of  the  line  is  also  unknown,  it  will  be  most  easily 
obtamed  by  Ihe  additional  perpendiculars  shown  in  Hg.  109,  of 
Art.  (171). 

(187)  By  equilateral  triangles. 

The  method  pven  in  Art.  (171),  for 
determiniDg  the  direction  of  a  line 
through  an  obstacle,  will  also  give  its 
length ;  for  in  Kg.  12V  (Rg.  110  re- 
peated) the  desired  distance  AG  is  equal 
to  the  measured  distances  AD,  or  DG. 
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(188)  By  syuMtrical  triaigles. 

Let  AB  be  the  distaace  required. 
Measure  from  A  obliquely  to  some 
point  G,  past  the  obstacle.    Mea- 
sure onward,  in  the  same  line,  till 
CD  is  as  long  as  AC.    Place  stakes 
at  G  and  D.    From  B  measure  to 
G,  and  from  G  measure  onward,  in 
the  same  line,  till  GE  is  equal  to  GB, 
be  equal  to  AB,  the  distance  required. 
GD  and  GE  equal,  respectively,  to  half  of  AG  and  GB ;  then  will 
AB  be  equal  to  twice  DE. 


Measure  EP,  and  it  will 
If  more  convenient,  make 


Fig.  123. 


(18»)  By  traBSverstb.     Let 

AB  be  the  required  distance.  Set 
a  stake,  G,  in  the  line  prolonged ; 
set  another  stake,  D,  so  that  G  and 
B  can  be  seen  from  it ;  and  a  third 
stake,  E,  in  the  line  of  BD  pro- 
bnged,  and  at  a  distance  from  D 
equal  to  the  distance  from  D  to  B. 
Set  a  fourth  stake,  F,  at  the  intersection  of  EA  and  GD.    Measure 


AG,  AF  and  FE. 


AP 

ThenisAB  =  ^(FE-AF). 


(190)  In  a  Town,  Gases  may  occur, 
in  tiie  streets  of  a  compactly  built  town, 
in  which  it  is  impossible  to  measure  along 
any  other  lines  than  those  of  the  streets. 
The  figure  represents  such  a  case,  in 
which  is  required  the  distance,  AB,  be- 
tween points  situated  on  two  streets  which 
meet  at  the  point  G,  and  between  which 
runs  a  cross-street,  DE.  In  this  case 
measure  AG,  GE,  GD,  DE  and  GB. 
Then  is  the  required  distance 
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AB  =y/|(AO  -BC)»  +  [DE»-(CE-CD)»].^g^| 

Ab  tibis  expression  is  somewhat  complicated,  an  example  will  b« 
given :  Let  AC  =  100,  CE  =  40,  CD  =  80,  DE  =  21,  and  CB 
«=80;  then  will  AB  =  51.7. 


B.    WEES  ONE  EHD  OF  THE  LINE  IS  INACCESSIBLE* 

(191)  By  perpendicidars.  This  principle  Fig.  m. 
may  be  applied  in  a  variety  of  ways.  Li  Hg. 
125,  let  AB  be  the  required  distance.  At  the 
point  A,  set  off  AC,  perpendicular  to  AB,  and  of 
any  convenient  length.  At  C,  set  off  a  perpen- 
dicular to  CB,  and  continue  it  to  a  point,  D,  in 
the  line  of  A  and  B.  Measure  DA.  Then  is 
AC» 


AB  = 


AD 


(192)  Oihertme :  At  the  point  A,  in  Hg. 
126,  set  off  a  perpendicular,  AC.  At  C  set 
off  another  perpendicular,  CD.  find  a  point, 
E,  in  the  line  of  AC,  and  BD.    Measurt  AE 

•andEC,    Thenis  AB=^^J^^^^.  ^ 

If  EC  be  made  equal  to  AE,  and  D  be  set 
in  the  line  of  BE,  and  also  in  the  perpendicular 
fiom  C,  then  will  CD  be  equal  to  AB. 

If  EC  =  4  AE,  then  CD=  J  AB. 

(193)  Oihertme:  At  A,  in  Ilg.  127,  mea- 
sure a  perpendicular,  AC,  to  the  line  AB ;  and 
at  any  point,  as  D,  in  this  line,  set  off  a  perpen- 
dicular to  DB,  and  continue  it  to  a  point  E,  in 
the  line  of  CB.     Measure  DE  and  also  DA. 
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(Iti)  By  iparalleb.  From  A  measure 
AC,  in  any  convenient  direction.  From  a 
pomt  D,  in  the  line  of  BO,  measure  a  line 
parallel  to  GA,  to  a  point  E,  m  the  line  of 
AS.    Measure  also  A£. 

AC  X  AE 


Fig.  128. 


ThenisAB=:: 


DE  — AC' 


Z=l 


i: 


Fig.m 


(It5)  By  a  j^rallelogram.  Set  a  stake,  G, 
in  the  line  of  A  and  B,  and  set  another  stake,  P, 
whereyer  convenient.  With  a  distance  equal  to 
CD,  describe  from  A,  an  arc  on  the  ground ;  and^ 
with  a  distance  equal  to  AC,  describe  another 
arc  from  D,  mtersecting  the  first  arc  in  E.  Or, 
take  AC  and  CD,  so  that  together  thej  make 
one  chain ;  fix  the  ends  of  the  chain  at  A  and  D ;  n 
take  hold  of  the  chain  at  such  a  link,  that  one  part  of  it  equals  AC, 
and  the  other  CD,  and  draw  it  tight  to  fix  the  point  E.  Set  a 
stake  at  F,  in  the  intersection  of  AE  and  DB.    Measure  AF  and 

AC  X  AF  ^^      AC  X  CD 

-  or,  CB  = 


EF.    Then  isAB=: 


EE 


EF 


Fig.  130. 


(19C)   By  symmetrical   triangles. 

Let  AB  be  the  required  distance.  From 
A  measure  a  line,  in  any  convenient  di- 
rection, as  AC,  and  measure  onward,  in 
the  same  direction,  till  CD  =  AC.  Take 
any  point  E  in  the  line  of  A  and  B. 
Measure  from  E  to  C,  and  onward  in  the 
same  line,  till  CF  =  CE.  Then  find  by 
tnal  a  pomt  G,  which  shall  be  at  the 
same  time  in  the  line  of  C  and  B,  and  in 
the  line  of  D  and  F.  I^asure  the  distaaoe  from  G  to  D,  and  it 
will  be  equal  to  the  required  distance  from  A  to  B.  K  more  conr- 
venient,  make  CD  =  J  AC,  and  CF  =  J  CE,  as  shown  by  the 
finely  dotted  lines  m  the  figure.    Then  will  DG  =  ^  AB. 
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]<lnd  the  point  F, 


(197)  Otherwise:  VrolongB A  Ui  rig.  isi. 
some  point  C.  Range  out  any  con- 
venient line  CA',  and  measure  CA'  «= 
OA.  The  triangle  CA'B,  is  now  to  be 
reproduced  in  a  symmetrical  triangle, 
ffltuated  on  the  accessible  ground. 
For  this  object,  take,  on  AC,  some  point 
D,  and  measure  CD' =  CD.  Find  the 
point  £,  at  the  intersection  of  AD'  and  AD. 
at  the  intersection  of  A'B  and  C£.  Lastlj,  find  the  point  B',  at 
the  intersection  of  AF  and  CA'.  Then  wiU  ATB'  =  AB.  The 
symmetrical  points  have  corresponding  letters  affixed  to  them. 

(198)  By  transrersal^.  Set  a  stake,  C,  Fig.  132. 
in  the  alinement  of  BA ;  a  second,  D,  at  any 
convenient  point ;  a  third,  £,  m  the  line  CD ; 
and  a  fourth,  F,  at  the  intersection  of  the 
alinements  of  D^-  and  £B.  Measure  AC, 
CE,  ED,  DF  and  FA.    Then  is 

AO  X  AF  X  DE  V^ 

CB  X  DF  —  AF  X  DE'  ^^  ^C 

If  the  point  E  be  taken  in  the  middle  of  CD,  (as  it  is  in  the 


AB  = 


figure)  then  AB  =s 


AC  X  AF 


ACxDE 


DF  —  AF 
If  flie  pomt  Fte  taken  in  the  middle  of  AD,  then  AB  =  ^ — =^^. 
The  nUnui  signs  must  be  interpreted  as  in  Art.  (174). 


(IM)  9y  harmenlc  diTisies.     Set 

stakes,  C  and  D,  on  each  side  of  A,  and 
go  that  the  three  are  in  the  same  straight 
line.  Set  a  third  stake  at  any  point,  E, 
of  the  line  AB.  Set  a  fourtb,  F,  at  the 
intersection  of  CB  and  DE ;  and  a  fifth, 
6,  at  the  intersection  of  DB  and  CE. 
Set  a  sixth  stake,  H,  at  the  intersection 

ofABandFG.   Measure  AE  and  EH. 


"if.. 


ThenisAB  = 


118  CHAIN  SPRTETDIfi.  [part  n 

(200)  To  an  inaecesslUe  Uie.    The 

ahortest  distance,  CD,  firom  a  given  point,  ^-^^ 
C,  to  an  inaccessible  straight  line  AB,  is 
required.    From  G  let  fall  a  perpendicular 
to  AB,  by  the  method  of  Art.  (158). 
Then  set  a  stake  at  any  point,  E,  on  the 
line  AG ;  set  a  second,  F,  at  the  inter- 
section of  EB  and  GD ;  a  third,  G,  at 
the  intersection  of  AF  and  GB ;  and  a  fourth,  H,  at  the  interseo- 
tion  of  EG  and  GD.    Measure  GH  and  HF.    Then  is 
p^  _  CHxCF  .        cTi  —  CT(   0^+^^  .  nr  PT^  -  CHxCF 

OthermBC ;  When  the  inaccessible  line  is  determined  by  the 
method  of  Art.  (205)  or  (206),  the  distance  from  any  point  to  it, 
can  be  at  once  measured  to  its  synmietrical  representative.  / 

(201)  To  an  inaecessiUe  intersection*    When  two  lines  (aa 
AB,  GD,  in  the  figure)  meet  m  a  Fig.  135. 
river,  a  building,  or  any  other 

inaccessible  pemt,  the  distance    q_ 

ftom  any  point  of  either  to  their 

interaction,  DE,  for  example, 

may  be  found  thus.    From  any 

point  B,  on  one  line,  measure  ^-"'^^ 

BD,  and  continue  it,  till  DF  =  DB.    From  any  other  point,  O, 

of  the  former  line,  measure  GD,  and  continue  the  Ujie  till  DH = GD. 

Continue  HF  to  meet  DG  in  some  pomt  E.    Measure  ED.    EZD 

will  be  equal  to  the  desired  distance  DE. 

BE  can  be  found  by  measuring  FE,  which  is  equal  to  it. 

If  DF  and  DH,  be  made  respectively  equal  to  one-half,  or  one- 
third,  &c.,  of  DB  and  DG,  then  will  ED  and  EF  be  respectively 
equal  to  one-half  or  one-third,  &;c.,  of  DE  and  BE. 
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C.  WHEN  BOTH  ENDS  OF  THE  LINE  ARE  INACCESSIBLE, 

(202)  By  slmUar  trlaigles.      Let  AB  Fig.  i36. 

be  the  inaccessible  distance.  Set  a  stake  at  "^ 
any  convenient  point  G,  and  find  the  distan- 
ces CA  and  CB,  by  any  of  the  methods  just 
given.  Set  a  second  stake  at  any  point,  D, 
on  the  line  CA.  Measure  a  distance,  equal 
^  CB  X  CD 


CA 
DB.    Then  is  AB  = 


■y  from  G,  on  the  line  CB,  to  some  point  E 
AC  X  BE 


CD 


Kmore  convenient,  meaflure  CD  in  the 
contrary  direction  from  the  river,  as  in  Hg. 
137,  instead  of  towards  it,  and  in  other  re- 
spects proceed  as  before. 


(2AS)  By  parallels.    Let  AB  be  the  in* 

accessible  distance.  From  any  point,  as  C,  "^  ^ 
range  out  a  pasallel  to  AB,  as  in  Art.  (1S5), 
&c.  Rnd  the  distance  CA,  by  Art.  (191), 
&c.  Set  a  stake  at  the  pomt  E,  the  inter- 
section of  CA  and  DB,  and  measure  CE. 
CD  X  (AC  —  CE) 


Fig.  137. 


Fiff.  138. 


alien  is  Afi  =  - 


/ 


CB 


Fig.  189. 


(204)  By  a  parallelogrftm*    Set 

a  stake  at  any  convenient  point  C. 
Set  stakes  D  and  E,  anywhere  in 
ihe  alinements  CA  and  CB.  With 
D  as  a  centre,  and  a  length  of  the 
dudn  equal  to  CE,  describe  an  arc ; 
and  with  E  as  a  centre,  and  a  length 
of  the  chain  equal  to  CD,  describe  another  arc,  intersecting  {he 
fofmer  one  at  F.  A  parallelogram,  CDEF,  will  thus  be  formed. 
Set  stakes  at  G  and  H,  where  the  alinements  DB  and  EA  inter- 
sect the  sides  of  this  parallelogram.    Measure  CD,  DF,  GF,  FH, 


lao 


cnmr  MntTETnui. 


[uBtn 


and  HG.    Tiie  Inaccesmble  distance  AB  = 
IfCD  =  CE,tixenAB--^i^. 


CD  X  DF  X  QH 
FG  X  FH      • 


(2M)  By  STBUietrical  trlangleSt    Take  anj  convezuent  point, 
as  C.     Set  stakes  at  two  o&er  P>g- 140. 

pointa,  D  and  D',m  the  same  -^^vT^  y^ 

ImOy  and  at  equal  distaaoes 
fix>m  C.  Take  a  point  E,  in 
the  line  of  AD;  measure  from 
it  to  C,  and  onward  tiU  CE' 
ss  GE.  Take  a  point  F  in 
ihelineof  BD;  measurefrom 
it  toC,and  onward  till  CF  = 
CF.  Range  out  the  Imes  AG 
and  ED',  and  set  a  stake  at 
their  mtersection,  A^  Range 
out  the  Imes  BG  and  F'D',  and  set  a  stake  at  their  mtezsection, 
B^    Measure  A'B'.    It  will  be  equal  to  the  desired  distance  AB. 


A^ 


(20«)  Othermse:     Take  Fig.  14L 

any  eonyeaient  point,  as  G, 
and  set  off  equal  distances 
on  each  side  of  it,  in  the 
lineofGAjtoDandD'.  Set 
off  the  same  distances  from 
G,iniheline  of  GB,to  Eand 
E'.  Through  G,  set  out  a 
parallel  to  DE,  or  D'E',  and 
set  stakes  at  the  points  F 
and  F  where  this  parallel 
intersects  AE'  and  BD\ 
Range  out  ihe  lines  AD'  and  EF,  and  set  a  stake  at  Aeir  inter- 
section A^  Range  out  the  lines  BE'  and  DF,  and  set  a  stake  at 
their  intersection  B'.  Measure  A'B',  and  it  will  be  equal  to  tiie 
desired  distance  AB. 


CHAP,  y.3 
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The  easiest  method  of  setting  out  the  parallel  in  the  above  case, 
is  to  fix  the  middle  of  the  chain  at  the  point  C,  and  its  ends  on  the 
lines  CD9  CE' ;  then  carry  the  middle  of  the  chain  from  C  towards 
F,  and  mark  the  point  to  which  it  reaches ;  and  repeat  this  on  the 
other  side  of  G^  as  shown  by  the  finely  dotted  lines  in  the  figure, 

INACCESSIBLE  AREAS. 

(207)  Tri|tDgIefi.  In  the  case  of  a  triangular  field,  in  which 
.ne  side  cannot  be  measured,  or  determined  by  any  of  the  methods 
just  given,  the  two  accessible  sides  may  be  prolonged  to  their  full 
length,  and  an  equal  symmetrical  triangle  formed,  all  of  whose  sides 
can  be  measured.  Thus  in  Fig.  102,  page  103,  if  GD£  be  the 
origbal  triangle,  of  which  the  side  EG  is  inaccessible,  DFP  will  be 
equal  to  it.    But  if  this  also  be  impossible,  por-  Fig.i42. 

tions  of  the  sides  may  be  measured,  as  AD,  AE,  B  ' 
in  the  figure  in  the  mar^,  and  also  DE,  and 
the  area  of  this  triangle  found  by  any  of  the 
methods  whidi  have  been  given.  Then  is  the 
desired  area  of  the  triangle  ABG  =  area  of 
AB  X  AC 


/ 


V 


ADE  X 


AD  X  AE* 


Fig.  148. 


(2M)  ^tu^rllaterato.  In  the  case 
of  a  four€ided  fidd,  whose  sides  cannot 
be  measured,  cr  prolonged,  but  whose 
diagCHials  can  be  measured,  the  area 
may  be  obtained  l^us.  Measure  the 
dii^nals  AG  and  BD;  and  also  the 
p(»rtions  AE,  EG,  into  which  one  of 
them  is  divided  by  the  <Efther.    Galcu*  _ 

late  the  area  of  the  triangle  BGE,by  the  preceding  method,  or  any 
of  those  heretofore  ^ven.     Then  the  area  of  the  quadrilateral 

ABGD  =  area  of  BGE  x  ^  ^  ^^. 

BE  X  OE 

(2M)  Polygons.  Methods  for  obtainmg  the  areas  of  inac* 
cessible  fields  of  more  than  four  sides,  have  been  given  in  Arts. 
(WI,)  &c. 


PAJiT  in. 

COMPA88    SURVEYING; 

OR 

By  the  Third  Method. 


CHAPTER  L 


ANCULiR  SCRTETING  IN  GENERAL. 

(210)  Angular  Surveying  determines  the  relative  positions  of 
points,  and  therefore  of  lines,  on  the  Third  principle,  as  ex- 
plained in  Art.  (7),  which  should  now  be  referred  to. 

(211)  When  the  two  lines  which  form  an  angle  lie  in  the  same 
horizontal  or  level  plane,  the  angle  is  called  a  horizontal  angle.* 

When  these  lines  lie  in  a  plane  perpendicular  to  the  former,  the 
angle  is  called  a  vertical  angle. 

When  one  of  the  lines  is  horizontal  and  the  other  line  from  the 
eye  of  the  observer  passes  above  the  former,  and  in  the  same  ver- 
tical plane,  the  angle  is  called  an  angle  of  elevation. 

When  the  latter  line  passes  below  the  horizontal  line,  and  in  the 
same  vertical  plane,  the  angle  is  called  an  angle  of  depresnion. 

When  the  two  lines  which  form  an  angle,  lie  in  other  planes 
which  make  oblique  angles  with  each  of  the  former  planes,  the 
angle  is  called  an  oblique  angle. 

Horizontal  angles  are  the  onlj  angles  employed  in  common  land 
lurvejing. 

*  A  plane  is  said  to  be  honxatUdlt  or  Und^  when  it  is  parallel  to  tbe  surface  of 
iRandiog  water,  or  perpendicular  to  a  plumb-Une»  A  line  is  horizontal  when  it 
ttei  in  a  horizontal  plane. 
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(212)  The  angles  between  the  directions  of  two  lines,  which  it 
18  necessary  to  measure,  may  be  obtained  bj  a  great  variety  of  in- 
stroments.  All  of  them  are  in  substance  mere  modifications  of  the 
yeiy  ample  one  which  will  now  be  described,  and  which  any  one 
Can  make  for  himself. 


(218)  Provide  a  circular  piece  of  Fig.i44. 

wood,  and  divide  its  circumference 
(by  any  of  the  methods  of  Geometri- 
cal Drafting)  into  three  hundred  and 
oxty  equal  parts,  or  "  Degrees,"  and 
number  them  as  in  the  figure.  The 
divisions  will  be  hke  those  of  a  watch 
hoe,  but  six  times  as  many.  These 
divisions  are  termed  graduatwns. 
The  figure  shows  only  every  fifteenth 
one.  In  the  centre  of  the  circle, 
fix  a  needle,  or  sharp-pointed  wire,  and  upon  fliis  fix  a  straight 
stick,  or  thin  ruler  placed  edge-wise,  (called  an  alidade)  y  so  that 
it  may  turn  freely  on  this  point  and  nearly  touch  the  graduations 
of  the  circle.  Fasten  the  circle  on  a  staff,  pointed  at  the  other  end, 
and  long  enough  to  bring  the  alidade  to  the  height  of  the  eyes. 
The  instrument  is  now  complete.  It  may  be  called  a  (^oniometery 
or  An^e-measurer. 

(214)  Now  let  it  be  required  to  measure  F>g- 145. 

the  angle  between  the  lines  AB  and  AC.  Fix 
the  staff  in  the  ground,  so  that  its  centre  shall 
be  exactiy  over  the  intersection  of  the  two 
lines.  Turn  the  alidade,  so  that  it  points,  (as 
determined  by  sighting  along  it)  to  a  rod,  or 
other  mark  at  B,  a  point  on  one  of  the  lines,  and  note  what  degree 
it  covers,  i.  e.  '^  The  Reading."  Then,  without  disturbmg  the 
circle,  turn  the  alidade  till  it  points  to  C,  a  point  on  the  other  line. 
Note  the  new  reading.  The  difference  of  these  readings,  (in  the 
figure,  45  degrees),  is  the  difference  in  the  directions  of  the  two 
lines,  or  is  the  angle  which  one  makes  with  the  other.    If  tiie  dis- 
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tance  &om  A  to  G  be  now  measured,  the  point  G  is  ^^  detennined/' 
irith  respect  to  the  points  A  and  B,  on  the  Third  Principle.  Anj 
number  of  points  may  be  thus  determined. 

(215)  Instead  of  the  verj  simple  and  rude  alidade,  which  has 
been  supposed  to  be  used,  needles  may  be  fixed  on  each  end  of  the 
alidade ;  or  si^ts  may  be  added,  such  as  those  described  in  Art 
(IM)  ;  or  a  small  straight  tube  may  be  used,  one  end  being  corer- 
ed  with  a  piece  of  pasteboard  in  which  a  yerj  small  eye  hole  is 
pierced,  and  threads,  called  ^'  cro6s4iairs,"  being  stretch-  ^'s  i^- 
ed  across  the  other  end  of  it,  as  in  the  figure ;  so  that  (*)  (^ 
their  intersection  may  give  a  more  precise  line  for  determining  the 
direction  of  any  pomt. 

(21()  When  a  telescope  is  substituted  for  this  tube,  and  sap- 
ported  in  such  a  way  that  it  can  turn  oyer,  so  as  to  look  both  back- 
wards and  forwards,  the  instrument  (with  various  other  additions, 
which  however  do  not  affect  the  principle),  is  called  the  JSnffi7uer*9 
Trcurmt. 

With  the  addition  of  a  level,  and  a  vertical  circle,  for  measuimg 
vertical  angles,  the  instrument  becomes  a  Theodolite;  in  uriiick, 
however,  the  telescope  does  not  usually  admit  of  being  turned  over. 

(217)  The  Compae%  differs  from  the  instruments  which  have 
been  described,  in  the  following  respect.  They  all  measure  the 
angle  which  one  line  makes  with  another.  The  compass  measures 
the  angle  which  each  of  these  lines  makes  with  a  third  line,  via: 
that  shown  by  the  magnetic  needle,  which  always  points  (approxi- 
mately) in  the  same  direction,  i.  e.  North  and  South,  Fig.  147. 
m^QMagnede  Meridian.    Thus,  in  the  figure,  the     ^  ^ 

line  AB  makes  an  angle  of  80  degrees  with  the  line 
AN,  and  the  line  AG  makes  an  ingle  of  75  de- 
grees with  AN.  The  difference  of  these  angles, 
or  45  degrees,  is  the  angle  which  AG  makes 
with  AB,  agreeing  with  the  result  obtained  in 
Art  (214).  A 


?»\^c 


^y 


>-« 
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(218)  Surveying  with  the  compass  is,  therefore,  a  less  direct 
operation  than  surveying  with  the  Transit  or  Theodolite.  But  as 
the  use  of  the  compass  is  much  more  rapid  and  easy  (only  one  Edght 
find  reading  at  each  station  being  necessary,  instead  of  two,  as  in 
the  former  case),  for  this  reason,  as  wqU  as  for  its  smaller  cost,  it 
18  the  instrument  most  commonly  employed  in  land  surveying  in 
this  country,  in  spite  of  its  imperfections  and  inaccuracies. 

As  many  may  wish  to  learn  "  Surveying  with  the  Compass," 
without  being  obliged  to  previously  learn  "  Surveying  witii  the 
Transit,"  (which  properly,  being  more  simple  in  principle,  though 
less  so  in  practice,  should  precede  it,  but  which  will  be  considered 
in  Part  IV),  we  will  first  take  up  Compass  Surveying. 

(319)  Angular  Surveying  in  general,  and  therefore  Compass 
Surveying,  may  employ  either  of  the  3d,  4th  and  5th  methods  of 
determining  the  position  of  a  point,  given  in  Part  I ;  that  is,  any 
instrument  which  measures  angles  may  be  employed  for  Polar, 
Triangular^  or  T^rUinear  Surveying.  The  first  of  these.  Polar 
Surveying,  is  the  one  most  commonly  adopted  for  the  compass,  and 
is  therefore  the  one  which  will  be  specially  explained  in  this  part. 

[Die  same  method,  as  employed  with  tiiie  Transit  and  Theodolite, 
will  be  explained  in  the  following  part. 

The  4th  and  5th  methods  will  be  explained  in  the  next  two  parts. 

(220)  The  method  of  Polar  Surveying  embraces  two  minor 
methods.  The  most  usual  one  consists  in  going  around  the  field 
with  the  instrument,  setting  it  at  each  comer  and  measuring  there 
the  angile  which  each  side  makes  with  its  neighbor,  as  well  as  the 
lengtti  of  each  side.  This  method  is  called  by  the  French  the  me- 
Uiod  of  ChemiTiament,  It  has  no  special  name  in  English,  but  may 
be  called  (from  the  American  verb,  To  progress),  the  Method  of 
Progression.  The  other  system,  the  Method  of  Madiationj  con- 
nsts  in  setting  the  instrument  at  one  point,  and  thence  measuring 
the  direction  and  distance  of  each  comer  of  the  field,  or  other 
object.  The  corresponding  name  of  what  we  have  called  Triangu* 
\bi  SuTveymg  is  ike  Method  of  Intersectioris;  smce  it  determines 
points  by  Hie  intersections  of  straight  lines. 
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CHAPTER  n. 

THE  COMPASS. 

(221)  The  NeeAe*  The  most  essential  part  of  the  compass  is 
the  magnetic  needle.  It  is  a  slender  bar  of  steel,  usually  five  or 
BIZ  inches  long,  strongly  magneiized,  and  balanced  on  a  pivot,  so 
that  it  may  turn  freely,  and  thus  be  enabled  to  continue  pointing 
in  the  same  direction  (that  of  the  ''  Magneue  Meridian^*  approxi- 
mately North  and  South)  however  much  the  "  Compass  Box,"  to 
which  the  pivot  is  attached,  may  be  turned  around. 

As  it  is  important  that  the  needle  should  move  with  the  least 
posfflble  friction,  the  pivot  should  be  of  the  hardest  steel  ground  to 
a  very  sharp  point ;  and  in  the  centre  of  the  needle,  which  is  to 
rest  on  the  pivot,  should  be  inserted  a  cap  of  agate,  or  other  hard 
material.  Iridium  for  the  pivot,  and  ruby  for  the  cap,  are  still 
better. 

If  the  needle  be  balanced  on  its  pivot  before  being  magnetized, 
one  end  will  sink,  or  ^^  Dip,"  after  the  needle  is  magnetized.  To 
bring  it  to  a  level,  several  coils  of  wire  are  wound  around  the  nee- 
dle so  that  they  can  be  slid  along  it,  to  adjust  the  weight  of  its  two 
ends  and  balance  it  more  perfectiy. 

The  North  end  of  the  needle  is  usually  cut  into  a  more  orna- 
mental form  than  the  South  end,  for  the  sake  of  distinction. 

The  principal  requisites  of  a  compass  needle  are,  intensiiy  of  di- 
rective force  and  susceptibility.  "  Shear  steel"  was  found  by 
Capt.  Kater  to  be  the  kind  capable  of  receiving  the  greatest  mag- 
netic force.  The  best  form  is  that  of  a  rhomboid.  Fig.  149. 
or  lozenge,  cut  out  in  the  middle,  so  as  to  dimi- 
nish the  extent  of  surface  in  proportion  to  the 
mass,  as  it  is  the  latter  on  which  the  directive  force  depends.  Be- 
yond a  certain  limit,  say  five  inches,  no  additional  power  is  gained 
by  increasing  the  length  of  the  needle.  On  the  contrary,  longer 
ones  are  apt  to  have  their  strength  diminished  by  several  consecu- 
tive poles  being  formed.  Short  needles,  made  very  hard^  are 
therefore  to  bo  preferred. 
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The  needle  should  not  come  to  rest  yeij  quicklj.  If  it  does,  it 
indicates  either  that  it  is  weaMj  magnetized,  or  that  the  friction  on 
the  pivot  is  great.  Its  sensitiveness  is  indicated  bj  Ihe  number  of 
vibrations  which  it  makes  in  a  small  space  before  commg  to  rest 

A  screw,  with  a  milled  head,  on  the  under  side  of  the  plate 
which  supports  the  pivot,  is  used  to  raise  the  needle  off  this  pivot, 
when  the  instrument  is  carried  about,  to  prevent  the  point  being 
dulled  by  unnecessary  friction. 

(222)  Tfee  Hghts*  Next  after  the  needle,  which  ^ves  the  di 
rection  of  the  fixed  line,  whose  angles  with  the  lines  to  be  survey- 
ed are  to  be  measured,  should  be  noticed  the  Si^ts,  which  show 
the  directions  of  these  lart  lines.  At  each  end  of  a  line  pasmng 
through  the  pivot  is  placed  a  ^^  Sight,"  consisting  of  an  uprigiht  bar 
of  brass,  with  openings  in  it  of  various  forms ;  usually  either  slits, 
with  a  circular  aperture  at  their  top  and  bottom*;  or  of  the  form 
described  in  Art.  (106) ;  all  these  arrangements  being  intended  to 
enable  the  Une  of  sight  to  be  directed  to  any  desired  object,  witii 
precision. 

(223)  A  Telescope  which  can  move  up  and  down  in  a  vertical 
plane,  i.  e.  a  plunging  telescope,  or  one  which  can  turn  completely 
over,  is  sometimes  substituted  for  the  sights.  It  has  the  great 
advantage  of  giving  more  distinct  vision  at  long  distances,  and  of 
admitting  of  flights  up  and  down  very  steep  sbpes.  Its  accuracy 
of  vision  is  however  rendered  nugatory  by  the  want  of  precision  in 
the  readings  of  the  needle.  K  a  telescope  be  applied  to  the  com 
pass,  a  graduated  circle  with  vernier  should  be  added,  thus  cen- 
verting  the  compass  into  a  ^^  Transit."  The  Telescope  will  be 
found  minutely  described  in  Part  IV,  "  Transit  Surveying." 

(221)  The  divided  circle.  We  now  have  tiie  means  of  indi- 
cating the  directions  of  the  two  lines  whose  angle  is  to  be  measur- 
ed. The  number  of  degrees  contained  in  it  is  to  be  read  from  a 
circle,  divided  into  degrees,  in  the  centre  of  which  is  fixed  the 

*  An  inside  and  an  ontside  view,  or  "  Elevation,'*  of  sach  siffhts,  are  given  oo 
each  side  of  the  figure  of  the  Compass,  on  page  126.  It  is  itself  drawn  in  *'  Mili- 
tary Perspective.'" 
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piTot  bearing  the  needle.  The  gradnationB  are  nsnallj  made  to 
half  a  degree,  and  a  quarter  of  a  degree  or  leoB  can  then  be  ^^esti- 
mated." 13ie  pivft  and  needle  are  sunk  in  a  circular  box,  so  that 
its  top  may  be  on  a  levd  with  the  needle.  The  gradoations  are 
QSiiaQy  made  on  the  top  of  the  surrounding  rim  of  the  box,  but 
diould  also  be  oontintted  down  its  inside  circumference  so  that  it  may 
be  eaoer  to  see  with  what  division  the  ends  of  the  needle  c<micide. 

The  degrees  are  not  numbered  consecutiyely  from  0^  around  to 
860^ ;  but  run  from  0^  to  90^,  both  ways  from  the  two  diametri* 
cally  opposite  points  at  which  a  line,  pasong  throu^  the  slits-  in  the 
middle  of  the  sights,  would  meet  flie  divided  circle. 

Hie  lettering  of*  the  Surveyor's  GompaKJ'  has  one  important  dif 
ference  from  that  of  the  Mariner's  Compass. 

When  we  stand  facing  the  North,  the  East  is  on  our  right  hand, 
and  the  West  on  our  left.  The  graduated  card  of  the  Mariner's 
Compass  which  is  fastened  to  the  needle,  and  turns  with  it,  is 
marked  accordingly.  But,  in  the  Surveyor's  compass,  one  of  the 
0  points  being  marked  N,  or  North,  (or  indicated  by  a  fleuiKle- 
lis,)  and  the  opposite  one  S,  or  South,  the  90-degree&-point  on  the 
right  of  this  Ike,  as  you  stand  at  the  S  end  and  lode  towards  the 
N,  is  marked  W,  or  West ;  and  the  left  hand  90-degrees-point  ia 
marked  E,  or  East.  The  reason  of  this  will  be  seen  when  the 
method  of  using  the  compass  comes  to  be  explained  in  the  foUowing 
chapter. 

(22$)  The  Points.  In  or- 
dinary land  surveying,  only  four 
points  of  the  compass  have 
names,  viz :  North,  South,  East 
and  West ;  the  direction  of  a 
line  being  described  by  the  an- 
^e  which  it  makes  with  a  North 
and  South  line,  to  its  East  or  to 
its  West.  But  for  nautical  pur- 
poses, the  drcle  of  the  compass 
IS  divided  into  82  points,  the 
names  of  which  are  shown  in 


iff.  150. 
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Qie  figure.  Two  rnleB  embrace  all  the  cases.  P  When  the 
letters  indicating  two  points  are  joined  together,  the  pomt  half  way 
between  the  two  is  meant ;  thus,  N.  E.  is  half  Waj  between  North 
and  East ;  and  K.  K.  E.  is  half  way  between  North  and  North 
East.  2^  When  the  letters  of  two  pomts  are  joined  .together 
with  the  intermediate  word  bt/j  it  indicates  the  point  which  comes 
next  after  the  first,  in  going  towards  the  second ;  thus,  N.  by  E,  is 
the  point  which  follows  North  in  gomg  towards  the  East ;  S.  E.  iy 
S.  is  the  next  point  from  South  East,  going  towards  the  South^ 

(226)  Eceentrielty*  The  centre-pin,  or  pivot  of  the  needle, 
ought  to  be  exactly  in  the  centre  of  the  graduated  circle ;  the  nee- 
dle ou^t  to  be  straight ;  and  the  line  of  the  sights  ought  to  pass 
exactly  through  this  centre  and  through  the  0  points  of  the  circle. 
If  this  is  not  the  case,  there  will  be  an  error  in  every  observation. 
This  is  called  the  error  of  eecentricitt/. 

When  the  maker  of  a  compass  is  about  to  fix  the  pivot  in  place, 
he  is  in  doubt  of  two  things ;  whether  the  needle  is  perfectly  straight, 
and  whether  the  pivot  is  exactly  in  the  cen- 
tre. In  figures  151  and  152,  both  of  these 
are  represented  as  being  excessively  in 
error. 

MrtUjfy  to  exanune  if  Hie  needle  be 
strai^t.    Fix  the  pivot  temporarily,  so 
that  the  ends  of  the  needle  may  cut  oppo- 
nte  degrees,  i.  e.  degrees  difiering  by 
180^.    The  condition  of  things  at  this 
stage  of  progress,  will  be  represented  by 
Fig.  151.    Then  turn  the  compass-box 
half  way  around.    The  error  will  now  be 
doubled,  as  is  shown  by  Fig.  152,  m  which 
the  former  position  of  the  needle  is  indi- 
cated by  a  dotted  Ime.*    Now  bend  the 
needle,  as  in  Ilg.  153,  till  it  cuts  divi- 
nons  midway  between  those  cut  by  it  in 

•  This  18  another  example  of  the  fruitful  pnQciole  6[  Revernan,  first  noticed  ia 
Art  (105;. 
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its  present  and  in  its  former  position  ^s  i^^- 

This  makes  it  certain  tiiiat  the  needle  is 
straight,  or  that  its  two  ends  and  its  cen- 
tre lie  in  the  same  straight  line. 

Secondly  y  to  put  the  pivot  in  the  cen- 
tre. Move  it  till  the  straightened  needle 
cuts  opposite  divisions.  It  is  then  certain 
that  &e  direction  of  the  needle  passes 
through  the  centre.  Turn  the  compass 
box  one-quarter  around,  and  if  the  needle  does  not  then  cut  oppo* 
ate  divi^ons,  move  the  pivot  till  it  does.  Repeat  Ihe  operation  in 
varioTis  positions  of  the  box.  It  will  be  a  su£Gicient  test  if  it  cuts 
the  opposite  divisions  of  0°,  45°  and  90°. 

To  fix  the  sights  precisely  in  line,  draw  a  hair  through  their  slits 
and  move  them  till  the  hair  passes  over  the  0  points  on  the  circle. 

The  surveyor  can  also  examine  for  himself,  by  the  principle  of 
Beversion,  whether  the  line  of  the  sights  passes  through  the  centre 
or  not.  Sight  to  any  very  near  object.  Bead  off  the  number  of 
degrees  indicated  by  one  end  of  the  needle.  Then  turn  the  com- 
pass half  around,  and  sight  to  the  same  object.  If  the  two  read- 
mg9  do  not  agree,  there  is  an  error  of  eccentricity,  and  the  arith- 
xnetical  mean,  or  half  sum  of  the  two  readings  is  the  correct  one^ 

Fig.  154.  Fig.  155. 


In  Rg.  154,  the  line  of  sight  AB  is  represented  as  passing  to 
(me  side  of  the  centre,  and  the  needle  as  pointing  to  46°.  In  Fig. 
155,  the  compass  is  supposed  to  have  been  turned  half  around  and 
the  other  end  of  the  sights  to  be  directed  to  the  same  object. 
Suppose  that  the  needle  would  have  pointed  to  45°,  if  the  lino  of 
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Bight  had  passed  through  die  centre.  The  needle  will  now  {xrinft 
to  440,  the  error  being  doubled  bj  the  reyendon,  and  the  true 
reading  being  the  mean. 

This  does  not,  however,  make  it  certain  that  the  line  of  Hie 
sights  passes  through  the  0  points,  which  can  onlj  be  tested  bj  Ihe 
hair,  as  mentioned  above. 

(227)  LeTelSt  On  the  compass  plate  are  two  small  spirit  levels. 
They  consist  of  glass  tubes,  slightly  curved  upwards,  and  nearly 
filled  with  alcohol,  leaving  a  bubble  of  air  within  them.  They 
are  so  adjusted  that  when  the  bubbles  are  in  the  centres  of  the 
tubes,  the  plate  of  the  compass  shall  be  level.  One  of  them  lies  in 
ihe  direction  of  the  sights,  and  the  ether  at  right  angles  to  ihis 
direction. 

(228)  TaBgent  Scalet  This  is  a  convenient,  though  not  essen- 
tial, addition  to  ihe  compass,  for  ihe  purpose  of  measuring  the 
slopes  of  ground,  so  that  the  proper  allowance  in  chaining  may  be 
made.  In  the  figure  of  the  compass,  page  126,  may  be  seen,  on 
the  edge  of  the  left  hand  sight,  a  small  projection  of  brass  witii  a 
hole  through  it.  On  the  edge  of  the  other  sight  are  engraved 
lines  numbered  from  0^  to  20^,  the  0^  bemg  of  the  same  hei^t 
above  the  compass  plate  that  the  eye-hole  is.  To  use  this,  set  the 
compass  at  the  bottom  of  a  slope,  and  at  the  top  set  a  signal  of 
ezactiy  the  height  of  the  eye-hole  from  the  ground.  Level  the 
compass  very  carefully,  particularly  by  ihe  level  whidtlies  length- 
wise, and,  with  the  eye  at  the  eye-hole,  look  to  the  signal  and  note 
the  number  of  the  division  on  the  farther  sight  which  is  cut  by  the 
visual  ray.  That  will  be  the  angle  of  the  slope ;  the  distances  of 
the  engraved  lines  from  the  0^  line  being  tangents  (for  the  radius 
equal  to  the  distance  between  the  sights)  of  the  angles  correspond- 
ing to  the  numbers  of  the  lines. 

(229)  Temler*  The  compass  box  is  connected  with  the  plate, 
which  carries  it  and  the  sights,  so  that  it  can  turn  around  on  this 
plate.  This  motion  is  given  to  it  by  a  screw,  (called  a  sIowhqqo- 
tion,  or  Tangent  screw),  the  head  of  which  is  the  nearest  one  in 
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liie  figure  on  page  126.  If  two  marks  be  made  opposite  to  each 
oilier,  one  on  the  projecting  part  of  the  compass  box,  and  the  other 
on  the  plate,  to  which  the  sights  are  fastened,  these  marks  will  sepa- 
rate when  the  slow-motion  screw  is  turned.  Their  distance  apart 
(in  angular  measurement,  i.  e.  fractions  of  a  circle),  in  any  posi- 
iion,  is  measured  by  a  contrivance  called  a  Vernier  j  which  is  the 
minutely  divided  arc  of  a  circle  seen  between  the  left  hand  sight 
and  the  compass  box.  It  will  be  better  to  defer  explaining  the 
mode  of  reading  Ihe  vernier  for  the  present,  since  it  is  rarely  used 
with  the  compass,  and  an  entire  chapter  will  be  given  to  it  in  Part 
IV.  Its  principle  is  similar  to  that  of  the  Vernier  Scale,  described 
in  Art.  (50).  Its  applications  in  "Field-work"  will  be  noticed 
mider  that  head. 


(230)  Tripod.  The  compass,  like  most  surveying  instruments, 
is  usually  supported  on  a  Tripod,  consisting  of  three  legs,  shod  with 
iron,  and  so  connected  at  top  as  to  be  movable  in  any  direction. 
There  are  many  forms 

of  these.      Lightness         ^'S-^^^'  ^''^'^^^' 

and  stiffiiess  are  Ihe 
qualities  desired.  The 
most  usual  form  is 
shewn  in  the  figures 
of  the  Transit  and  the 
Theodolite;  at  the  be- 
pnning  of  Part  IV. 
Of  the  two  represent- 
ed in  Hgs.  15i8  and 
157,  the  first  has  the 
advantage  of  being  ve- 
ry easily  and  cheaply 
made  ;  and  the  second 
that  of  being  light  and 
yet  capable  of  very  firmly  resisting  horizontal  torsion. 

The  joints,  by  which  the  instrument  is  connected  with  the  tripod, 
are  also  various.  Fig.  158  is  the  "  Ball-and-socket  joint,"  most 
usual  in  this  country.    It  takes  its  name  from  the  ball,  in  whick 
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Fig.  159.  Fig.  160 


terminates  the  covered  spindle  which  enters  a  corresponding  cavity 
under  the  compass  plate,  and  the  socket  in  which  this  ball  turns. 
It  admits  of  motion  in  any  direction,  and  can  be  tightened  or  loos- 
ened by  taming  tiiie  upper  half  of  the  hollow  piece  enclosing  it, 
which  is  screwed  on  the  lower  half.  Rg.  159  is  called  the  "  Shell- 
joint."  In  it  the  two  shellnshaped  pieces  enclosing  the  ball  are 
tightened  by  a  ihumb-screw.  Rg.  160,  is  "  Cugnot's  joint."  It 
consists  of  two  cylinders,  placed  at  right  angles  to  each  other,  and 
through  the  axes  of  which  pass  bolts,  which  turn  freely  in  the  cylin- 
der and  can  be  tightened  or  loosened  by  thumb-screws  at  their 
ends.  The  combination  of  the  two  motions  which  this  joint  permits, 
enables  the  instrument  which  it  carries,  to  be  placed  in  any  desired 
position.    This  jomt  is  much  the  most  stable  of  the  three. 

(2S1)  Jacob's  Staff.  A  single  leg,  called  a  ''Jacob's  Staff," 
has  some  advantages,  as  it  is  lighter  to  carry  in  the  field,  and  can 
be  made  of  any  wood  on  the  spot  where  it  is  to  be  used,  thus  sav 
ing  the  expense  of  a  tripod  and  the  trouble  of  its  transportation 
Its  upper  end  is  fitted  into  the  lower  end  of  a  brass  head  which  has 
a  ball  and  socket  joint,  and  axis  above.  Its  lower  end  should  be 
shod  with  iron,  and  a  spike  running  through  it  is  useful  for  pressing 
it  into  the  ground  with  the  foot.  Of  course  it  cannot  be  conven- 
ienfly  used  on  frozen  ground,  or  on  pavements.  It  may,  liowever, 
be  set  before  or  behind  the  spot  at  which  the  angle  is  to  be  mea- 


OSAP.  II.] 


The  Caapass. 


18S 


snred,  proyided  that  it  is  placed  veij  precisely  in  the  line  of  direo* 
lion  from  that  station  to  the  one  to  which  a  si^t  is  to  be  taken. 


(232)  The  Prinatle  Cempass.  The  peculiarity  of  this  instru- 
ment (often  called  Schmalcalder's)  is  that  a  glass  triangolar  piism 
is  substituted  for  one  of  the  sights.  Such  a  prism  has  this  peculiar 
property  that  at  the  same  time,  it  can  be  seen  through,  so  that  a 
sight  can  be  taken  through  it,  and  that  its  upper  surface  reflects 
like  a  mirror,  so  that  the  numbers  of  the  degrees  immediately  under 
it,  can  be  read  off  at  the  same  time  that  a  sight  to  any  object  is 
taken.  Another  peculiarity,  necessary  for  profiting  by  the  last 
one,  is,  that  the  divided  circle  is  not  fixed,  but  is  a  card  fastened 
to  the  needle  and  moving  around  with  it,  as  in  the  Mariner's  Com* 
pass.  The  minute  description,  which  follows,  is  condensed  from 
Simms. 

In  the  figure,  A  repre-  Fig.  161. 

sents  the  compass  box,  and 
B  the  card,  which,  being 
attached  to  the  magnetic 
needle,  moves  as  it  moves, 
around  the  agate  centre, 
a,  on  which  it  is  suspend- 
ed. The  circumference 
of  the  card  is  usually  di- 
vided to  J  or  J  of  a  de- 
gree. C  is  a  prism,  which 
tiie  observer  looks  through. 
The  perpendicular  thread 
of  the  sighirvane,  E,  and 
the  divisions  on  the  card,  appear  together  on  looking  through  the 
prism,  and  the  division  with  which  the  thread  coincides,  when  the 
needle  is  at  rest,  is  the  "  Bearing"  of  whatever  object  the  thread 
may  bisect,  i.  e.  is  the  an^e  which  the  line  of  sight  makes  with  the 
direction  of  the  needle.  The  prism  is  mounted  with  a  hinge  joint, 
D.  The  sight-vane  has  a  fine  thread  stretched  along  its  openmg, 
in  the  direction  of  its  length,  which  is  brought  to  bisect  any  object, 
by  turning  the  box  around  horizontally.    F  is  a  mirror,  made  to 
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slide  on  or  off  Hie  ngh^yaney  E ;  and  it  may  be  reyened  at  ple» 
sure,  that  is,  tamed  &ce  downwards ;  it  can  ako  be  inclined  at 
any  angles  bj  means  of  its  joint,  d ;  and  it  will  remain  "etationary 
on  any  part  of  Hie  vane,  by  the  friction  of  its  slides.  Its  use  is  t» 
reflect  tKe  image  of  an  object  to  the  eye  of  an  obserrer  when  die 
object  is  much  above  or  below  the  horisontal  plane.  The  colored 
passes  represented  at  G,  are  intended  for  observing  the  son.  At 
€,  is  shown  a  spring,  which  being  pressed  by  the  finger  at  the  time 
of  observation,  and  then  released,  checks  the  vibrations  of  tiie  caMl, 
and  brings  it  more  speedily  to  rest.  A  stop  is  likewise  fixed  to 
the  other  side  of  the  box,  by  which  the  needle  may  be  tiurown  off 
its  centre. 

The  method  of  nmng  this  instnunent  is  very  nmple.  first  raise 
the  prism  in  its  socket,  &,  nntil  you  obtain  a  distinct  view  of  the 
divisions  on  the  card.  Then,  standing  over  the  pomt  where  the 
angles  are  to  be  taken,  hold  the  instrument  to  'the  eye,  and,  lookmg 
through  the  slit,  (7,  turn  around  till  the  thread  in  the  si^t-vane 
bisects  one  of  the  objects  whose  bearing  ia  required ;  then  by  touch- 
ing the  spring,  «,  bring  the  needle  to  rest,  and  the  division  on  the 
card  which  comcides  with  the  thread  on  the  vane,  will  be  the  bear* 
ing  of  the  object  from  the  north  or  south  points  of  the  magnetic 
meridian.  Then  turn  to  any  other  object,  and  repeat  the  opera- 
tion ;  the  difbrence  between  the  bearing  of  this  object  and  that  of 
the  former,  will  be  the  angular  distance  of  the  objects  in  question. 
Thus,  suppose  the  former  bearing  to  be  40^  30^,  and  the  latter 
10°  15',  both  east,  or  both  west, 
frx>m  the  north  or  south,  the  angle 
will  be  80°  16'.  The  divisions  are 
generally  numbered  5^,  10^,  16^, 
&c.  around  the  circle  to  860^. 

The  figures  on  the  compass  card 
are  reversed,  or  written  updde 
down,  as  in  the  figure  (in  which 
only  every  fifteenth  degree  is  mark- 
ed), because  they  are  again  re- 
versed by  the  prism* 


Fig.  162. 
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(SIS)  The  prismatic  compass  is  generally  held  in  the  hand,  the 
beariiig  being  caaght,  as  it  were,  in  passing ;  bat  more  accurate 
readings  would  of  course  be  obtained  if  it  rested  on  a  support,  such 
as  a  stake  cut  flat  on  its  top. 

In  the  former  mode,  the  needle  never  comes  completely  to  rest, 
particularly  in  the  wind.  In  such  cases,  observe  the  extreme  di* 
visions  between  which  the  needle  vibrates,  and  take  their  arith- 
metical mean.     X 

(2S4)  Defects  of  cempass*  The  compass  is  deficient  m  bodi 
precifdon  and  correctness.* 

The  former  defect  arises  from  the  indefiniteness  of  its  mode  of 
indicating  the  part  of  the  circle  to  which  it  points.  The  pomt  of 
tiie  needle  has  considerable  thickness ;  it  cannot  quite  touch  the 
divided  circle ;  and  these  divisions  are  made  only  to  whole  or  half 
degrees,  though  a  fraction  of  a  division  may  be  estimated,  or  guessed 
at.  The  Vernier  does  not  much  better  this,  as  we  shall  see  when 
ecqdaining  its  use.  Now  an  inaccuracy  of  one  quarter  of  a  degree 
in  an  angle,  i.  e.  in  the  difference  of  the  directions  of  two  lines, 
causes  them  to  separate  from  each  other  5^  inches  at  the  end  of 
100  feet ;  at  tiie  end  of  1000  feet  nearly  4^  feet ;  and  at  the  end 
of  a  mile,  28  feet.  A  difference  of  only  one-tenth  of  a  degree,  or 
fflz  minutes,  would  produce  a  difference  of  1|  feet  at  tiie  end  of 
1000  feet ;  and  9|  feet  at  the  distance  of  a  mile.  Such  are  the 
diflbrences  which  may  result  from  the  want  of  precision  in  the  in* 
£cations  of  the  compass. 

But  a  more  serious  defect  is  the  want  of  eorreetness  in  the  com- 
pass. Its  not  pomting  ezactiy  to  the  true  north  does  not  indeed 
affect  tiie  correctness  of  the  angles  measured  by  it.  But  it  does  not 
point  in  the  same  or  in  a  parallel  direction,  during  even  the  same 
day,  but  changes  its  direction  between  sunrise  and  noon  nearly  a 
quarter  of  a  degree,  as  will  be  |dlly  explained  in  Chapter  \lil. 
The  effect  of  such  a  difference  we  have  just  seen.    This  direction 

*  The  BtQdent  mnst  not  confoand  these  two  qualities.  To  say  that  lae  son  ap> 
peart  to  rise  in  the  eastern  quarter  of  the  heavens  and  to  set  in  the  western,  if 
cvrreef,  bat  not  pfseite,  A  watch  with  a  second  hand  indicates  the  time  of  day 
j^redsely^  bat  not  always  correctly.  The  statement  that  two  and  two  make  fivoi 
Ufrecue,  bat  is  not  asaally  regaled  as  eorreet. 
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may  also  be  greatlj  altered  in  a  moment,  without  the  knowledge 
of  the  surveyor,  by  a  piece  of  iron  being  brought  near  to  the  com- 
pass, or  by  some  other  local  attraction,  as  will  be  noticed  hereafter. 
This  is  the  weak  point  m  the  compass. 

Notwithstanding  these  defects,  the  compass  is  a  very  valuable 
instrument,  from  its  simplicity,  rapidity  and  convenience  in  use ; 
and  though  never  precise,  and  seldom  correct,  it  is  generally  not 
very  wrong. 


CHAPTER  m. 

THE  FIELD  WORK. 

(285)  Taking  Bearings*  The  ^^  Bearing"  of  a  line  is  the  ax^ 
gle  which  it  makes  with  the  direction  of  the  needle.  Thus,  in  fig. 
147,  page  124,  the  angle  NAB  is  the  Bearing  of  the  line  AB,  and 
NAG  is  the  Bearing  of  AG.  The  Bearing  and  length  of  a  line  are 
named  collectively  the  Course. 

To  take  the  Bearing  of  any  Ime,  set  the  compass  exactiy  over 
any  point  of  it  by  a  plumb-line  suspended  from  beneath  the  cen« 
tre  of  the  compass,  or,  approximately,  by  dropping  a  stone.  Level 
the  compass  by  bringing  the  air  bubbles  to  the  middle  of  the  level 
tubes.  Direct  the  sights  to  a  rod  held  truly  vertical,  or  "  plumb," 
at  another  point  of  the  line,  the  more  distant  the  better.  The  two 
ends  are  usually  taken.  Sight  to  the  lowest  visible  point  of  the 
rod.  When  the  needle  comes  to  rest,  note  what  division  on  the 
circle  it  points  to ;  taking  the  one  indicated  by  the  North  end  of 
the  needle,  if  the  North  point  op  the  circle  is  farthest  from  you, 
and  vice  versa. 

In  reading  the  division  to  which  one  end  of  tiie  needle  points, 
the  eye  should  be  placed  over  the  other  end,  to  avoid  the  error 
which  might  result  from  the  ^^  parallax,"  or  apparent  change  of 
place,  of  the  end  read  from,  when  looked  at  obliquely. 
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The  bearing  is  read  and  recorded  by  noting  between  what  letters 
the  end  of  the  needle  comes,  and  to  what  number ;  naming,  or 
writing  down,  firstly ^  that  letter,  N  or  S,  which  is  at  the  0^  point 
nearest  to  that  end  of  the  needle  from  which  you  are  reading ; 
teondly,  the  number  of  degrees  to  which  it  points,  and  thirdly, 
the  letter,  E  or  W,  of  the  90^  point  which  is  nearest  to  the  same 
end  of  the  needle.  Thus,  in  the  figure,  if  when  the  sights  were 
directed  along  a  line,  (the  North 
point  of  the  compass  being  most 
distant  from  the  observer),  the 
North  end  of  the  needle  was  at  the 
point  A,  the  bearing  of  the  line 
sighted  on,  would  be  North  45^ 
East ;  if  the  end  of  the  needle  was 
at  B,  the  bearing  would  be  Host ;  if 
at  C,  S.  30^  E ;  if  at  D,  South;  if 
at  E,  S-  60O  W;  if  at  F,  West;  if 
at  G,  N.  60^  W;  if  at  H,  Mrth. 

(2S6)  We  can  now  understand  why  W  is  en  the  right  hand  of 
the  compass-box,  and  E  on  the  left.  Let  the  direction  from  the 
centre  of  the  compass  to  the  point 
B  in  the  figure,  be  required,  and 
suppose  the  sights  in  the  first  place 
to  be  pointing  in  the  direction  of  the 
needle,  S  N,  and  the  North  sight 
to  be  ahead.  When  the  sights  (and 
the  circle  to  which  they  are  fasten- 
ed) have  been  turned  so  as  to  point 
in  the  direction  of  B,  the  point  of 
the  circle  marked  E,  will  have  come  round  to  the  North  end  of  the 
needle,  (^sinee  the  needle  remains  immovable,')  and  the  reading  will 
therefore  be  ^^  East,"  as  it  should  be.  The  effect  on  the  readmg 
18  die  same  as  if  the  needle  had  moved  to  the  left  the  same  quantity 
which  the  sights  have  moved  to  the  right,  and  the  left  side  is  there- 
fi)Te  properly  marked  "  East,"  and  vice  versa.  So,  too,  if  the 
bearing  of  tlie  line  to  C  be  desired,  half-way  between  North  and 


Fig.  164. 
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East,  i.  e.  N.  45^  E. ;  when  the  sightB  and  the  circle  have 
tamed  45  degrees  to  the  ri^t,  the  needle,  really  standing  stalL 
has  apparently  anired  at  the  point  half-way  between  N.  and  E., 
i.  e.  N.  450  E. 

Some  surveyors'  compasses  are  marked  the  reverse  of  this,  the 
E  (m  the  right  and  the  W  on  the  left.  These  letters  must  then  be 
reversed  in  the  mind  before  the  bearing  is  noted  down.     _/ 

(237)  ReailBg  with  Temler*  When  the  needle  does  not  point 
precisely  to  one  of  the  division  marks  on  the  circle,  the  fracticmal 
part  of  the  smallest  space  is  usually  estimated  by  the  eye,  as  has 
been  explained.  But  this  fractional  part  may  be  measured  by  the 
Vernier,  described  m  Art.  (229),  as  follows.  Suppose  the  needle 
to  point  between  N.  81^  E.  and  N.  Slj^^  E.  Turn  the  tangent 
screw,  which  moves  the  compass-box,  tiU  the  smaller  division  (m 
this  case  81^)  has  come  round  to  ihe  needle.  The  Vernier  will 
then  indicate  throu^  what  space  the  compass-box  has  moved,  and 
therefore  how  much  must  be  added  to  the  reading  of  the  needle. 
Suppose  it  indicates  10  minutes  of  a  degree.  Then  the  bearing  is 
N.  8P  10'  E.  It  is,  however,  so  difficult  to  move  the  Vender 
without  disturbing  the  whole  instrument,  that  this  is  seldom  resorted 
to  in  practice.  The  chief  use  of  the  Vernier  is  to  set  the  instru- 
ment for  running  lines  and  making  an  allowance  {or  the  variation 
of  the  needle,  as  will  be  explained  in  the  pr(^r  place.    A  Vernier- 

A  Vernier  arc  is  sometimes  attached  to  one  end  of  the  needle 
and  carried  around  by  it. 

(2S8)  Practical  Hints.  Mark  every  station,  or  spot,  at  which 
the  compass  is  set,  by  driving  a  stake,  or  dig^ng  up  a  sod,  or  pling 
up  stones,  or  otherwise,  so  that  it  can  be  found  if  any  error,  or  other 
cause,  makes  it  necessary  to  repeat  the  survey. 

Very  often  when  the  line  of  which  the  bearing  is  required,  is  a 
fence,  &c.,  the  compass  cannot  be  set  upon  it.  In  such  cases,  set 
the  compass  so  that  its  centre  is  a  foot  or  two  from  the  line,  and 
set  the  flag-staff  at  precisely  the  same  distance  from  the  line  at  the 
other  end  of  it.  The  bearing  of  the  flag-staff  from  the  compass 
will  bo  the  same  as  that  of  the  fence,  the  two  lines  being  parallel 
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The  distances  should  be  measured  on  the  real  line.  If  more  con- 
venient the  compass  may  be  set  at  some  pomt  on  the  line  prolong- 
ed, or  at  some  intermediate  point  of  the  line,  ^^  in  line  "  between  its 
extremities. 

In  setting  the  compass  level,  it  is  more  important  to  have  it  level 
crossways  of  the  sights  than  in  their  direction ;  since  if  it  bo  not  so, 
on  looking  up  or  down  hill  through  the  upper  part  of  one  sight  and 
the  lower  part  of  the  other,  the  line  of  sight  ?nll  not  be  parallel  to 
the  N  and  S,  or  zero  line,  on  the  compass,  and  an  incorrect  bear- 
ing will  tiierefore  be  obtained. 

The  compass  should  not  be  levelled  by  the  needle,  as  some  books 
recommend,  i.  e.  so  levelled  that  the  ends  of  the  needle  shall  be  at 
equal  distances  below  the  ^ass.  The  needle  should  be  brought  so 
origjlnallj  by  the  maker,  but  if  so  adjusted  in  the  morning,  it  will 
not  be  so  at  noon,  owing  to  the  daily  variation  in  the  dip.  K 
then  the  compass  be  levelled  by  it,  the  lines  of  sight  will  generally 
be  more  or  less  oblique,  and  therefore  erroneous.  K  the  needle 
touches  the  glass,  when  the  compass  is  levelled,  balance  it  by  slid* 
ing  the  coil  of  wire  a]ong  it. 

The  same  end  of  the  compass  should  always  go  ahead.  The 
North  end  is  preferable.  The  South  end  will  then  be  nearest  te 
the  observer.  Attention  to  this  and  to  the  caution  in  the  next 
paragraph,  will  prevent  any  confusion  in  the  bearings. 

Always  take  the  readings  from  the  same  end  of  the  needle ; 
from  the  North  end,  if  the  North  end  of  the  compass  goes  ahead ; 
and  vice  versa.  This  is  necessary,  because  tne  two  ends  will  not 
always  cut  opposite  degrees.  With  this  precaution,  however,  the 
angle  of  two  meeting  lines  can  be  obtained  correctiy  from  either 
end,  provided  the  same  one  is  used  in  taking  the  bearings  of  both 
the  lines. 

Guard  against  a  very  frequent  source  Fig.  165. 

of  error  with  bepnners,  in  reading  from  ^-^rQlIiiiiJL^^ 
the  wrong  number  of  the  two  between  ^^'^^        |    W^^ 
which  the  needle  points,  such  as  reading 
84^  for  26^,  in  a  case  like  that  in  the 
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Check  the  Yibrations  of  the  needle  by  gently  raiong  it  off  the 
pivot  BO  as  to  touch  the  glass,  and  letting  it  down  again,  by  the  screw 
on  the  under  side  of  the  box. 

The  compass  should  be  smartlj  tapped  after  the  needle  has 
settled,  to  destroy  the  effect  of  any  adhesion  to  the  pivot,  or  fiio- 
tion  of  dust  upon  it. 

All  iron,  such  as  the  chain,  &;c.,  must  be  kept  at  a  distance  firom 
the  compass,  or  it  will  attract  the  needle,  and  cause  it  to  deviate 
from  its  proper  direction. 

The  surveyor  is  sometimes  troubled  by  the  needle  refusing  to 
traverse  and  adhering  to  the  glass  of  the  compass,  after  he  has 
briskly  wiped  this  off  with  a  silk  handkerchief,  or  it  has  been  cai^ 
ried  so  as  to  rub  against  his  clothes.  The  cause  is  the  electricity 
excited  by  the  friction.  It  is  at  once  discharged  by  applying  a 
wet  finger  to  the  glass. 

A  compass  should  be  carried  with  its  face  resting  against  the 
side  of  the  surveyor,  and  one  of  the  sights  hooked  over  his  arm. 

In  distant  surveys  an  extra  centre  pin  should  be  carried,  (as  it 
is  very  liable  to  injury,  and  its  perfection  i§  most  essential),  and, 
also,  an  extra  needle.  When  two  such  are  carried,  they  should 
be  placed  so  that  the  north  pole  of  one  rests  against  the  south  pole 
of  the  other. 

(289)  When  the  magnetism  of  the  needle  is  lessened  or  destroy- 
ed by  time,  it  may  be  renewed  as  follows.  Obtain  two  bar  mag- 
nets. Provide  a  board  with  a  hole  to  admit  of  the  axis,  so  that  its 
collar  may  fit  fairly,  and  that  the  needle  may  rest  flat  on  it,  witb* 
out  bearing  at  the  centre.  Place  the  board  before  you,  with  the 
north  end  of  the  needle  to  your  right.  Take  a  magnet  in  each 
hand,  the  left  holding  the  North  end  of  the  bar,  or  that  which  has 
the  mark  across,  downwards ;  and  the  right  holding  the  same  mark 
upwards.  Bring  the  bars  over  the  axis,  about  a  foot  above  it, 
without  approaching  each  other  within  two  inches: — bring  them 
down  vertically  on  the  needle,  (the  marks  as  directed)  about 
an  inch  on  each  side  of  its  axis  ;  slide  them  outwards  to  its  ends 
with  slight  pressure ;  raise  them  up  ;  bring  them  to  their  former 
position,  and  repeat  this  a  number  of  times. 
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(240)  Back  Sights.  To  test  the  accuracy  of  the  bearing  of  a 
fine,  taken  at  one  end  of  it,  set  up  the  compass  at  the  other  end, 
or  point  sighted  to,  and  look  back  to  a  rod  held  at  the  iirst  station, 
or  point  where  the  compass  had  been  placed  origmallj.  The  read- 
ing of  the  needle  should  now  be  the  same  as  before. 

K  the  position  of  the  sights  had  been  reyersed,  the  reading 
would  be  the  Reverse  Bearing;  a  former  bearing  of  N.  80^  E* 
would  then  be  S.  30^  W.,  and  so  on. 

(241)  Local  attraction.  If  the  Back-sight  does  not  agree 
with  the  first  or  forward  sight,  this  latter  must  be  taken  over  again. 
If  the  same  difference  is  again  found,  this  shows  that  there  is  local 
attraction  at  one  of  the  stations ;  i.  e.  some  influence,  such  as  a 
mass  of  iron  ore,  ferruginous  rocks,  &c.,  under  the  surface,  which 
attracts  the  needle,  and  makes  it  deviate  from  its  usual  direction. 
Any  high  object,  such  as  a  house,  a  tree,  &c.,  has  recently  been 
found  to  produce  a  similar  effect. 

To  discover  at  which  station  the  attraction  exists,  set  the  com- 
pass at  several  intermediate  points  in  the  line  which  joins  the  two 
stations,  and  at  points  in  the  line  prolonged,  and  take  the  bearing 
of  the  line  at  each  of  these  points.  The  agreement  of  several  of 
these  bearings,  taken  at  distant  points,  will  prove  their  correctness. 
Otherwise,  set  the  compass  at  a  third  station ;  sight  to  each  of  the 
two  doubtful  ones,  and  then  firom  them  back  to  this  third  station. 
This  will  show  which  is  correct. 

When  the  difference  occurs  in  a  series  of  lines,  such  as  around  a 
field,  or  along  a  road,  proceed  Fig- 166. 

&US.   Let  C  be  the  station  at  ^3, 

which  the  back-sight  to  B  dif-  ^ 
fers  from  the  foresight  from 
B  to  C.  Since  the  back-sight  from  B  to  A  is  supposed  to  have 
agreed  with  the  foresight  from  A  to  B,  the  local  attraction  must  be 
at  C,  and  the  forward  bearing  must  be  corrected  by  the  difference 
just  found  between  the  fore  and  back  sights,  adding  or  subtracting 
it,  according  to  circumstances.    An  easy  method  is  to  draw  a 


144  COMPASS  amfwmui.  [fabc  «& 

figure  fer  flie  case,  aa  mllg.  167.  In 
it,  suppose  the  true  bearing  of  BC,  as 
giyen  by  a  fore-sight  from  B  to  G,  to  be 
N.  40^  E.,  but  that  there  is  local  at- 
traction at  0,  so  that  the  needle  is  drawn 
aside  10^,  and  points  in  the  direction 
S'N',  instead  of  SN.  The  back^i^t 
from  0  to  B  will  then  give  a  bearing 
of  N.  50^  E. ;  a  diflterence,  or  correc-  ''<^ 
tion  for  the  next  fore-si^t,  of  10^.  If  flie  next  fore-eight,  from  C 
to  D,  be  K.  70O  E,  this  10^  must  be  subtracted  from  it,  making 
the  true  fore-sight  K.  60o  E. 

A  general  rule  may  also  be  given.  When  the  haeh-9ight  is 
greater  than  ihefore^ght^  as  m  this  case,  subtract  the  diflferenoe 
from  the  next  fore-sight,  if  that  course  and  the  preceding  one  have 
both  their  letters  the  same  (as  in  this  case,  both  being  K.  and  E.), 
or  both  their*  letters  different ;  or  add  the  difference  if  either  the 
first  or  last  letters  of  the  two  courses  are  different.  When  the 
bach^ght  m  leee  than  thefare^ght,  add  the  difference  in  the  case 
in  which  it  has  just  been  directed  to  subtract  it,  and  subtract  it 
where  it  was  before  directed  to  add  it. 

(242)  ABgles  ef  iellectton.  When  the  compass  indicates 
much  local  attraction,  the  difference  between  the  directions  of 
two  meeting  lines,  (or  the  ^^  angle  of  deflectian^^  of  one  from  the 
other),  can  still  be  correctij  measured,  by  taking  the  difference  of 
the  bearings  of  the  two  lines,  as  observed  at  the  same  point.  For, 
the  error  caused  by  the  local  attraction,  whatever  it  may  be,  aflEects 
both  bearings  equally,  inasmuch  as  a  "Bearing"  is  the  angle 
which  a  line  makes  with  the  direction  of  the  needle,  and  that  here 
remains  fixed  in  some  one  direction,  no  matter  what,  during  the 
takmg  of  the  two  bearings.  Thus,  in  Fig.  167,  let  the  true  bear- 
ing of  BC,  i.  e.  the  angle  which  it  makes  with  the  line  SN,  be,  as 
before,  N.  40^  B.,  and  that  of  CD  N.  60^  E.  The  true  "  angle 
of  deflection"  of  these  lines,  or  the  angle  B'CD,is  therefore  20^. 
Now,  if  local  attraction  at  0  causes  the  needle  to  point  in  the  direc- 
S'N',  10^  to  the  left  of  its  proper  direction,  BC  wiU  bear  'N.  60« 
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E.y  and  CD  N.  70^  E.,  and  the  difference  of  these  bearingEiy  L  e. 
the  angle  of  deflection,  wSl  be  the  same  as  before. 

(24S)  Aagles  betweei  C#irses«  To  determine  flie  an^e  of 
deflection  of  two  courses  meeting  at  any  point,  tiie  Mowing  oinpla 
roles,  the  reasons  of  which  will  appear  from  the  accompanying 
figures,  are  sufficient. 


Ca8e  1.  When  the  first  letters  of  the 
bearing  are  alike,  (i.  e.  both  N.  or  both 
S.^,  and  the  last  letters  also  alike,  (i.  e. 
both  E.  or  both  W.)9  take  the  difference 
of  the  bearings.  Example.  If  AB  bears 
N.  80^  E.  and  BO  bears  N.  10^  E.,  the 
an^e  of  deflection  CBB'  is  20^. 


Case  2.  When  the  first  letters  are 
alike  and  the  last  letters  different ;  take 
the  smn  of  the  bearings.  Ex,  If  AB 
bears  N.  40^  E.  and  BO  bears  N.  20^ 
W. ;  the  angle  OBB'  is  60o. 


Case  8.  When  the  first  letters  are 
different  and  the  last  letters  alike,  sub- 
tract the  sum  of  the  bearingis  from  180^. 
Ex.  If  AB  bears  N.  80^  E.  and  BO 
bears  S.40OE.;  the  angle  OBB' is  110<^. 
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Case  4.  When  botih  Ihe  first  and 
Itft  letters  are  diflforent,  subtract  the 
difference  of  the  bearingi  fiom  180^. 
Ex.  If  AB  bean  S.  80o  W«  and  BC 
bears  N.  70°  E. ;  Ihe  angle  CBB'  is 

uoo. 


w — 


[past  nt 


Fig.  170. 


J^  ihe  angles  included  bet/ween  the  courses  are  denred, 
they  will  be  at  once  found  bj'rerersing  one  bearing,  and  then  ap- 
plying the  aboye  rules ;  or  b j  subtracting  ihe  results  obtained  as 
above  from  180^ ;  or  an  analogous  set  of  rules  could  be  formed 
for  them. 


(244)  T#  chaige  BearilpS.  It  is  convenient  in  certain  cat 
culations  to  suppose  one  of  the  lines  of  a  survey  to  change  its  direc- 
tion so  as  to  become  due  North  and  South ;  that  is,  to  become  a 
new  Meridian  line.'  It  is  then  necessary  to  determine  what  ihe 
bearings  of  the  other  lines  will  be,  supposing  them  to  change  with 
it.  The  subject  may  be  made  plain  by  supposing  the  survey  to  be 
platted  in  the  usual  way,  with  the  North  uppermost,  and  the  plat 
to  be  then  turned  around,  till  the  line  to  be  changed  is  in  the  de- 
nred  direction.  The  effect  of  this  on  the  other  lines  will  be  readily 
seen.    A  Cfeneral  Bide  can  also  be  formed. 

Take  the  difference  between  the  origmal  bearing  of  the  side 
which  becomes  a  Meridian  and  each  of  those  bearings  which  have 
both  their  letters  the  same  as  it,  or  both  different  from  it.  The 
changed  bearings  of  these  lines  retain  the  same  letters  as  before,  if 
they  were  ori^ally  greater  than  the  original  bearing  of  the  new  Me- 
ridian  line ;  but,  if  they  were  less,  they  are  thrown  on  the  other  side 
of  the  N.  and  S.  line,  and  their  last  letters  are  changed ;  E.  being 
put  for  W.  and  W  for  E. 

Take  the  sum  of  the  ori^al  bearing  of  the  new  Meridian  line, 
and  each  of  those  bearings  which  have  one  letter  the  same  as  one 
letter  of  the  former  bearing,  and  one  different.    If  this  sum  exceeds 
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90^,  this  shews  Chat  the  line  is  thrown  on  the  oilier  mde  of  the 
East  or  West  point,  and  the  difference  between  this  sum  and  180^ 
will  be  the  new  bearing  and  the  first  letter  will  be  changed,  N. 
being  put  for  S.  and  S.  for  N. 

JExanq>le.  Let  the  Bearings  of  the  rades  of  a  field  be  as  follows ; 
N.  82^  E. ;  N.  80°  E. ;  S.  48o  E. ;  S.  18°  W. ;  N.  78  Jo  W. ; 
North.  Suppose  the  first  side  to  become  dae  North ;  the  changed 
bearings  will  then  be  as  follows:  North;  N.  48o  E. ;  S.  80^  E. ; 
8. 140  E. ;  S.  7440  W. ;  N.  82^  W- 

To  apply  the  role  to  the  ^^  North"  course,  as  above,  it  must  be 
called  N.  0^  W. ;  and  then  by  the  Rule,  82^  must  be  added  to  ii. 

The  true  bearings  can  of  course  be  obtained  from  <lie  changed 
bearings,  by  reyersmg  the  operation,  taking  the  sum  instead  of  the 
difference,  and  vice  versa.       ^^ 


C245)  Liae  SnryeylBg.  This  name  may  be  given  to  surveys 
of  lines,  such  as  the  windings  of  a  brook,  the  curves  of  a  road,  l(e*, 
by  way  of  distinction  from  Farm  Svrveymgy  in  which  the  lines 
surveyed  enclose  a  space. 

To  survey  a  hrooh^  or  any  sunUar  line,  set  the  compass  at,  or 
near,  one  end  of  it,  and  tsJce  the  bearing  of  an  imaginary  or 
visual  line,  running  in  the  general  average  direction  of  the  brooks 

Fig.  172. 


such  as  AB  in  the  figure.  Measure  this  line,  taJdng  offiets  to  the 
various  bends  of  the  brook,  as  to  the  fence  explained  in  Art.  (115). 
Then  set  the  compass  at  B,  and  take  a  back-sight  to  A,  and  if 
tiicy  agree,  take  a  fore-sight  to  C,  and  proceed  as  before,  noting 
particularly  the  points  where  the  line  crosses  the  brook. 

To  survey  a  roady  take  the  bearings  and  lengths  of  the  lines 

Fig.  173. 
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which  can  be  most  conveniently  measured  in  the  road,  and  mea* 
sure  otbets  on  each  side,  to  the  outside  of  the  road. 

When  the  line  of  a  new  road  is  surveyed,  the  bearings  and 
lengths  of  the  various  portions  of  its  intended  centre  line  should  be 
measured,  and  the  distance  which  it  runs  through  each  man's  land 
should  be  noted.  Stones  should  be  set  in  the  ground  at  recorded 
distances  from  each  angle  of  the  line,  or  in  each  line  prolonged  a 
known  distance,  so  as  not  to  be  disturbed  in  making  the  road. 

In  surveying  a  wide  river,  one  bank  may  be  surveyed  by  the 
method  just  given,  and  pomts  on  the  opposite  banks,  as  trees,  &c., 
may  be  fixed  by  the  method  of  intersections,  founded  on  the  FourA 
Method  of  determining  the  position  of  a  point ;  and  fully  explained 
in  Part  rV. 

(246)  Checks  by  IntersectlBg  bearings.  At  each  station  at 
which  the  compass  is  set,  take  bearings  to  some  remarkable  object, 
such  as  a  church  steeple,  a  distant  house,  a  high  tree,  &;c.  At 
least  three  bearings  should  be  taken  to  each  object  to  make  it  of 
any  use :  since  two  are  necessary  to  determine  it,  (by  our  Fourth 
Method),  and,  till  thus  determined,  it  can  be  no  check.  When 
the  line  is  platted,  by  the  methods  to  be  explained  in  the  next 
chapter,  plat  also  the  lines  given  by  these  bearings.  K  those  taken 
to  the  same  object  from  three  different  stations,  intersect  in  the 
same  point,  this  proves  that  there  has  been  no  mistake  in  the  sur- 
vey or  platting  of  those  stations. 

If  any  bearing  does  not  intersect  a  point  fixed  by  previous  bear- 
ings, it  shows  that  there  has  been  an  error,  either  between  the  last 
station  and  one  of  those  which  fixed  the  point,  or  in  the  last  bear- 
ing to  the  point.  To  discover  which  it  was,  plat  the  following  line 
of  the  survey,  and,  at  its  extremity,  set  off  the  bearing  firom  it  to  the 
point ;  and  if  the  line  thus  platted  passes  through  the  point,  it 
proves  that  there  was  no  error  in  the  line,  but  only  in  the  bearing 
to  the  point.  If  otherwise,  the  error  was  somewhere  in  the  line 
between  the  stations  from  which  the  bearings  to  that  pomt  were 
taken. 
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(247)  Kttjftng  the  Field-notes.  The  simplest  and  eacdest 
method  for  a  beamier  is  to  make  a  rough  sketch  of  the  survej  by 
eje,  and  wnte  down  on  the  lines  their  bearings  and  lengths. 

An  improvement  on  this  is  to  actuallj  lay  down  the  precise  beai^ 
ings  and  lengths  of  the  lines  in  the  field-book  in  the  manner  to  be 
explained  in  the  chapter  on  Platting,  Art.  (269). 

(248)  A  second  method  is  to  draw  a  straight  line  up  the  page 
of  the  field-book,  and  to  write  on  it  the  bearings  and  lengths  of 
the  lines.  The  only  advantage  of  this  method  is  that  the  line  will 
not  run  off  the  side  of  the  page,  as  it  is  apt  to  do  in  the  precedmg 
method. 

(249)  A  third  method  is  to  represeLi  the  line  surveyed,  by  a 
double  column,  as  in  Part  IE,  Chapter  I,  Art.  (95),  which*  should 
be  now  referred  to.  The  bearings  are  written  obliquely  up  the 
columns.  At  the  end  of  each  course,  its  length  is  written  in  the 
column,  and  a  line  drawn  across  it.  Dotted  lines  are  drawn  across 
the  column  at  any  intermediate  measurement.  Oflbets  are  noted 
as  explained  in  Art.  (114). 

The  intersection-bearings,  described  in  Art.  (246) ,  should  be 
entered  in  the  field-book  before  the  bearings  of  the  line,  in  order 
to  avoid  mistakes  of  platting,  in  setting  off  the  measured  distances 
on  the  wrong  line. 

(250)  A  fourth  method  is  to  write  the  Stations,  Bearings,  and 
Distances  in  three  colimms.  This  is  compact,  and  has  the  advan- 
tage, when  applied  to  farm  surveying,  of  presenting  a  form  suitable 
for  the  subsequent  calculations  of  Content,  but  does  not  g^ve  £EkciI> 
ties  for  noting  offsets. 

Examples  of  these  four  methods  are  given  in  Art.  (254)  ;  which 
oontuns  the  field-notes  of  the  lines  bounding  a  field. 

(251)  New-Tork  Canal  lllaps.  The  following  is  a  description 
of  tiie  ori^nal  maps  of  the  survey  of  the  line  of  the  New-York  Erie 
Canal,  as  published  by  the  Canal  Commissioners.  'l!he  figure 
represents  a  portion  of  such  a  map ;  but,  necessarily,  with  all  its 
lines  black ;  roi  and  blue  lines  bemg  used  on  the  real  map. 
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^^  The  Bbd  Likb  described  along  the  inner  edge  of  the  towing 
path  is  the  base  linsj  upon  which  all  the  measurements  in  the  direc- 
tion of  the  length  of  the  canal  were  made.  The  bearinffs  refer  to 
the  magnetic  meridian  at  the  time  of  the  survey.  The  lengths  of 
the  several  portions  are  inserted  at  the  end  of  each,  in  chainft  and 
links.  The  offsets  at  each  station  are  represented  by  red  iines 
drawn  across  the  canal  in  such  a  direction  as  to  bisect  the  angles 
formed  by  the  two  contiguous  portions  of  the  red  or  base  line,  upon 
the  towing  path.  The  intermediate  ofl&ets  are  set  off  at  right  angles 
to  the  base  line ;  and  the  distances  on  both  are  given  &om  it  m 
links.  The  intermediate  offsets  are  represented  by  red  dotted  liiieSj 
and  the  distances  to  them  upon  the  base  line  are  reckoned,  in  each 
ease,  from  the  last  preceding  station.  The  same  is  likewise  done 
with  the  other  distances  upon  the  base  line ;  those  to  the  Bridges 
being  taken  to  the  lines  joining  the  nearest  angles,  or  comer  posts 
of  their  abutments ;  those  to  the  Locks  extending  to  the  lines  pass- 
ing through  the  centres  of  the  two  nearest  quoin  posts ;  and  those 
to  the  AqueductSj  to  the  faces  of  their  abutaents.  The  space 
enclosed  by  the  Blue  Lines  represents  the  portion  embraced  with- 
in the  limits  of  the  survey  ss  belonging  to  the  state ;  and  the  nameg 
of  the  adjoining  proprietors  are  given  as  they  stood  at  the  time  of 
executing  the  survey.  The  distances  are  projected  upon  a  seals 
of  two  chains  to  the  inch."        >^ 

(252)  Farm  Surveying*  A  farm,  or  field,  or  other  space  in- 
cluded ynMa  known  lines,  is  usually  surveyed  by  the  compass 
thus.  Begm  by  walking  around  the  boundary  lines,  and  setting 
stakes  at  all  the  comers,  which  the  flag-man  should  specially  note, 
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80  that  he  may  readily  fiud  fiiem  again.  Then  set  the  eompass  al 
any  corner,  and  send  the  flag-man  to  the  next  eomer.  Tak6.th« 
bearing  of  <he  bounding  line  running  firom  comer  to  comer,  -which 
18  usually  a  fence.  Measure  its  length,  taking  ofiets  if  necessary. 
Note  where  any  other  fence,  or  road,  or  other  line,  crosses  or  meets 
it,  and  take  their  bearings.  Take  the  compass  to  the  end  of  this 
first  bounding  line ;  sight  back,  and  if  the  back-si^t  agrees,  take 
the  bearing  and  distance  of  the  next  bounding  line;  andso  proceed 
tin  you  have  got  back  to  the  point  of  starting. 

(253)  Where  speed  is  more  important  than  accuracy  in  a  sur> 
yey,  whether  of  a  line  or  a  fiurm,  the  compass  need  be  set  only  at 
every  other  station,  taking  a  forward  sight,  firom  ihe  1st  station  to 
the  2d ;  then  setting  the  compass  at  the  8d  station,  taking  a  back* 
sight  to  the  2d  station  (but  with  the  north  pomt  of  the  compass  al- 
ways ahead),  and  a  fore^ght  to  the  4th ;  then  going  to  the  5th| 
and  so  on.    This  is,  howeyer,  not  to  be  recommended. 

(254)  Field-notes.  The  lield-notes  of  a  Farm  survey  may  be 
kept  by  any  of  the  methods  which  have  been  described  with  refer- 
ence to  a  line  survey.    Below  are  ^ven  the  Field-notes  of  the 

field  recorded  by  each  of  the  methods. 
FirU  Method. 

Fig.  175. 
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ijtiS)  The  lield-notes  of  a  field,  in  which  o&ets  occur,  may  be 
most  easily  recorded  by  the  Third  Method ;  as  in  ilg.  176. 

When  the  ileld-notes  are  recorded  by  the  Fourth  Method, 
the  ofiets  may  be  kept  in  a  separate  Table;  m  which  the  Ist 
co.umn  will  contain  the  stations  from  which  the  measurements  are 
made,  the  2d  colmnn  the  distances  at  which  they  occur,  the  8d 

*  In  the  **  Third  Method/'  the  bearings  shoald  be  written  obliqoely  npwai^ 
M  directed  in  Art,  (249),  bat  art  not  ao  printed  here,  from  typographical  diffi 
coltiei, 
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column  the  lengths  of  the  offiets,  and  the  4th  column  the  side  of 
the  line,  «  Eight,"  or  «  Left,"  on  which  they  lie- 

For  calculation,  four  more  columnB  may  be  added  to  the  table, 
containing  the  interrals  between  the  o&ets ;  the  sums  of  the 
adjoining  pairs ;  and  the  products  of  the  numbers  in  the  two  pre- 
ceding columns,  separated  into  Bight  and  Left,  one  being  additivo 
to  the  field,  and  the  other  subtractire. 

(256)  Tests  ef  aecnracy.  1st.  The  check  of  intersections  de- 
scribed in  Art.  (246),  may  be  employed  to  great  advantage,  when 
some  conspicuous  object  near  the  centre  of  the  &nn  can  be  seen 
from  most  of  its  comers. 

2nd.  When  the  survey  is  platted,  if  the  last  course  meets  the 
starting  point,  it  proves  the  work,  and  the  survey  is  then  said  to 
"dose." 

8d.  Diagonal  lines,  running  from  comer  to  comer  of  the  farm, 
like  the  ^^  Proof-lines"  in  Cham  Surveying,  may  be  measured  and 
their  bearings  taken.  When  these  are  laid  down  on  the  plat,  their 
meeting  the  points  to  which  they  had  been  measured,  proves  the 
work. 

4tii.  The  only  certain  and  precise  test  is,  however,  that  by 
*^  Latitudes  and  Departures."  This  is  fully  explained  in  Chapter 
V,  of  this  Part. 

• 

(257)  A  very  fallacious  test  is  recommended  by  several  writers 
on  this  subject.  It  is  a  wellrknown  proposition  of  Geometry,  that 
in  any  figure  bounded  by  straight  lines,  the  sum  of  all  the  interior 
angles  is  equal  to  twice  as  many  right  angles,  as  the  figure  has  sides 
less  two ;  since  the  figure  can  be  divided  into  that  number  of  tri* 
angles.  Hence  this  common  rule.  ^'  Calculate  [by  the  last  para- 
graph of  Art.  (243)]  the  interior  angles  of  the  field  or  farm  sur- 
veyed ;  add  them  together,  and  if  their  sum  equals  twice  as  many 
right  angles  as  the  figure  has  sides  less  two,  the  angles  have  been 
correctly  measured."  This  rule  is  not  applicable  to  a  compass  sui^ 
vey ;  for,  in  Kg.  167,  page  144,  the  interior  angle  BCD  will  con- 
tain the  same  number  of  degrees  (in  that  case  160^)  whether  the 
.bearings    of  the  sides  have  been  noted  correctly,  as  being  the 
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acgles  which  thej  make  ivitti  NS — or  mcorreofljy  as  bemg  iih» 
angles  which  thej  make  witli  WS\  This  rule  would  therefora 
prove  the  work  in  either  case* 

(258)  Method  of  RadlatiOH.  A  field  may  he  surveyed  from 
^ne  itation,  either  wiOdn  it  or  without  it,  hj  taking  the  bearings  and 
the  distances  from  that  point  to  each  of  the  comers  of  the  field. 
These  comers  are  then  "  determined,"  by  the  3d  method,  Art.  (7). 
This  modification  of  that  method,  we  named,  in  Art.  (320),  the 
Method  of  Radiation,  All  our  preceding  surveys  with  the  com- 
pass have  been  by  the  Method  of  Proffreamn, 

The  compass  may  be  set  at  one  comer  of  the  field,  or  at  a  point 
in  one  of  its  sides,  and  the  same  method  of  Badiaiion  employed. 

This  method  is  seldom  used  however,  ednce,  unlike  the  method 
of  Progression,  its  operations  are  not  checks  upon  each  other. 

(259)  Method  of  Intersection.  A  field  may  also  be  surveyed 
by  measuring  a  base  line,  either  within  it  or  without  it,  setting  the 
compass  at  each  end  of  the  base  line,  and  taking,  firom  each  end, 
the  bearings  of  each  comer  of  the  field ;  which  will  then  be  fixed 
and  determined,  by  the  4th  method.  Art.  (8).  This  mode  of  sur 
veying  is  the  Method  of  Intersections,  noticed  in  Art.  (220).  It 
will  be  fuUy  treated  of  in  Fart  Y,  under  the  title  of  Triangular 
Sarveylng. 

(200)  Riuiig  ovt  old  lines.  The  original  surveys  of  lands 
in  the  older  States  of  the  American  Union,  were  exceedingly  defi* 
cient  in  precision.  This  arose  from  two  principal  causes ;  the  small 
value  of  land  at  the  period  of  these  surveys,  and  the  want  of  skill 
in  the  surveyors.  The  effect  at  the  present  day  is  frequent  dissat- 
is&ction  and  litigation.  Lots  sometimes  contain  more  acres  than 
they  were  sold  for,  and  sometimes  less.  Lmee  which  are  strai^t 
in  the  deed,  and  on  the  map,  are  found  to  be  crooked  on  the 
ground.  The  recorded  surveys  of  two  adjoining  farms  often  make 
one  overlap  the  other,  or  leave  a  gore  between  them.  The  most 
difficult  and  delicate  duty  of  the  land-surveyor,  is  to  run  out  these 
old  boundary  lines.    In  such  cases,  his  first  busmess  is  to  find 
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manuments,  stones,  marked  trees,  stumps,  or  any  other  old  '^  cor- 
ners," or  landmarks.  These  are  his  starting  points.  The  owners 
whose  lands  join  at  ihese  comers  should  agree  on  them.  Old 
fences  must  generallj  be  accepted  by  right  of  possession ;  though 
SQch  questions  belong  rather  to  the  lawyer  than  to  the  surreyor.* 
Hia  business  is  to  mark  out  on  the  ground  the  lines  given  in  the 
deed.  When  the  bounds  are  ^ven  by  compass-bearings,  the  sur- 
veyor must  be  reminded  that  these  bearings  are.  very  fiur  from  being 
the  same  now  as  origjbally,  having  been  changpig  every  year. 
The  method  of  detemuning  this  important  change,  and  of  making 
the  proper  allowance,  will  be  found  in  Chapter  Ym,  of  this  Fart 

(261)  Town  Snnreylng.  Begm  at  the  meeting  of  two  or  more 
of  the  principal  streets,  through  which  you  can  have  the  longest 
prospects.  Having  fixed  the  instrument  at  that  point,  and  taken 
the  bearings  of  all  the  streets  issuing  from  it,  measure  all  these  lines 
with  the  cluun,  taking  offitets  to  all  the  comers  of  streets,  lanes, 
bondings,  or  windmgs ;  and  to  all  remarkable  objects,  as  churches, 
markets,  public  buildings,  ko.  Then  remove  the  instmment  to 
the  next  street,  take  its  bearings,  and  measure  along  the  street  as 
before,  takmg  o&ets  as  you  go  along,  with  the  offiet-staflf.  Proceed 
in  this  maimer  from  street  to  street,  measuring  the  distances  and 
o&ets  as  you  proceed. 

Fig.  177. 


*  '*  To  the  detcription  of  land  conveyed,  tbe  rale  is,  that  known  and  fixed  mon> 
amenta  control  coarse*  and  distances.  So,  the  certUnty  of  metes  and  bounds  will 
ioclode  and  pass  all  the  lands  within  them,  thongh  they  vary  from  the  given 
qoantity  expressed  in  the  deed.  In  New- York,  to  remove,  deface  or  alter  land- 
marks  malicioasly;  is  au  indictable  offence." — KetU'a  CommenUmeM,  IV,  515. 
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Thus,  in  the  figure,  fix  the  instruinent  at  A,  and  meaaure  lines 
in  the  direction  of  all  the  streets  meeting  there,  noting  their  bear- 
ings ;  then  measure  AB,  noting  the  streets  at  X,  X.  At  the  second 
station,  B,  take  the  bearings  of  all  the  streets  which  meet  there ; 
and  measure  from  B  to  G,  noting  the  places  and  the  bearings  of 
all  the  cross-streets  as  jou  pass  them.  Proceed  in  like  manner 
from  G  to  D,  and  from  D  to  A,  ^^  closing"  there,  as  in  a  fSaxm  snr- 
yey.  Having  thus  surveyed  all  the  principal  streets  in  a  particu- 
lar neighborhood,  proceed  then  to  survey  ihe  smaller  intermediate 
streets,  and  last  of  all,  the  lanes,  alleys,  courts,  yards,  and  every 
other  place  which  it  may  be  thought  proper  to  represent  in  the 
plan.  The  several  cross-streets  answer  as  good  check  lines,  to 
prove  the  accuracy  of  the  work.  In  this  manner  you  continue  till 
you  take  m  all  the  town  or  city. 

(262)  Obstacles  ti  Compass  Sirreylng.  The  various  obsta- 
cles which  may  be  met  with  in  Gompass  Surveying,  such  as  woods, 
water,  houses,  Jcc,  can  be  overcome  much  more  easily  than  m 
Ghain  Surveying.  But  as  some  of  the  best  methods  for  efiecting 
this  involve  principles  which  have  not  y^t  been  fully  developed,  it 
will  be  better  to  postpone  giving  any  of  them,  till  they  can  be  all 
treated  of  together ;  which  will  be  done  in  Part  YII. 


CHAPTER  IV, 


PLATTING  THE  SVRTET. 

(MS)  The  platting  of  a  sturej  made  wilih  fhe  compass,  consiste 
in  draYnng  on  paper  the  lines  and  the  angles  which  hare  been 
measured  on  the  ground.  The  lines  are  dravm  ^^  to  scale,"  as  has 
been  fully  explained  in  Fart  I,  Chapter  III.  The  manner  of  plat- 
ting angles  was  referred  to  in  Art.  (iV)f  but  its  explanation  has 
been  reserved  for  this  place. 


(264)  With  a  Protractor.  A  Protractor  is  an  mstrument 
made  for  this  object,  and  is  usuallj  a  semicircle  of  brass,  as  in  the 
figure,  with  its  semi-circumference  divided  into  180  equal  parts,  or 

Fig.  178. 


degrees,  and  numbered  in  both  directions.  It  is,  in  fiu^t,  a  minia^ 
tore  of  the  instrument,  (or  of  half  of  it),  with  which  the  angles 
have  been  measured.  To  lay  off  any  angle  at  any  point  of  a 
straight  line,  place  the  Protractor  so  that  its  straight  side,  the 
diameter  of  the  semi-circle,  is  on  the  given  line,  and  the  middle  of 
this  diameter,  which  is  marked  by  a  notch,  is  at  th,e  ^ven  point. 
With  a  needle,  or  sharp  pencil,  make  a  mark  on  the  paper  at  the 
required  number  of  degrees,  and  draw  a  line  from  the  mai*k  to  the 
g^ven  point. 
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Sometimes  the  protractor  has  an  arm  taming  on  its  centre,  and 
extending  beyond  its  circumference,  so  that  a  line  can  be  at  once 
drawn  by  it  when  it  is  set  to  the  desired  angle.  A  Vernier  scale 
is  sometimes  added  to  it  to  increase  its  precision. 

A  Rectangular  Protractor  is  sometimes  used,  the  divinons  of 
degrees  being  engraved  along  three  edges  of  a  plane  scale.  The 
femircifcular  one  is  preferable.  The  objection  to  the  reotangnlar 
protractor  is  that  the  division  corresponding  to  a  degree  is  very 

Fig.  179. 
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unequal  on  different  parts  of  tiie  scale,  being  usually  two  or  tiiiee 
times  as  great  at  its  ends  as  at  its  middle. 

A  Protractor  embracing  an  entire  circle,  with  arms  carrying 
verniers,  is  also  sometimes  employed,  for  the  sake  of  greater  accu- 
racy. 


(2C5)  Plattiig  Beariigs.  Since  <' Bearing?"  taken  ^tii  the 
Compass  are  the  angles  which  the  various  lines  make  with  the 
Magnetic  Meridian,  or  the  direction  of  the  compass-needle,  which, 
as  we  have  seen,  remains  always  (approximately)  parallel  to  itself, 
it  is  necessary  to  draw  these  meridians  through  each  station,  before 
laying  off  the  angles  of  the  bearings. 

The  T  square,  shown  m  Rg.  14,  is  the  most  convenient  instru- 
ment for  this  purpose.  The  paper  on  which  the  plat  is  to  be  made 
IS  fastened  on  the  board  so  that  the  intended  direction  of  the 
North  and  South  line  may  be  parallel  to  one  of  the  sides  of  tiie 
board.  The  inner  side  of  the  stock  of  the  T  square  being  pressed 
against  one  of  the  other  sides  of  the  board  and  slid  along,  the  edge 
of  the  long  blade  of  the  square  will  always  be  parallel  to  itself  and 
to  the  first  named  side  of  the  board,  and  will  thus  represent  the 
meridian  passing  through  any  station. 
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Fig.  180. 


If  a  staraightredged  drawing 
board  or  table  cannot  be  pro- 
cored,  nail  down  on  a  table  of 
any  shape  a  straight-edged  ror 
ler,  and  slide  along  against  it 
the  outfidde  of  the  stock  of  a  T- 
sqnare,  one  side  of  the  stock  | 
being  flush  with  the  blade. 

A  parallel  ruler  may  also  be 
used,  one  part  of  it  being 
screwed  down  to  the  board  in 
Ihe  proper  position. 

If  none  of  these  means  are  at  hand,  approzimatelj  parallel  meri- 
dians maj  be  drawn  bj  the  edges  of  a  common  ruler,  at  distances 
q)art  equal  to  its  width,  and  the  diameter  of  ihe  protractor  made 
parallel  to  them  by  measuring  equal  distances  between  it  and  them. 

(M6)  To  plat  a  survey  with  these  instruments,  mark,  with  a  fine 
point  enclosed  in  a  circle,  a  convenient  spot  in  the  paper  to  repre- 
sent the  first  station,  1  in  the  figure.    Its  place  must  be  so  chosen 

Fig.  181. 
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(bat  the  plat  maj  not  '^  ran  off"  the  paper.  With  the  T  Bqwn 
draw  a  meridian  through  it.  The  top  of  the  paper  is  nsoallj, 
though  not  necessarily,  called  North.  With  the  protractor  lay  off 
the  angle  of  the  first  bearing,  as  directed  in  Art.  (264).  Set  off 
the  length  of  the  first  line,  to  the  desired  scale,  by  Art.  (42),  &om 
1  to  2.    The  line  1 — 2  represents  the  first  course. 

Through  2,  draw  another  meridian,  lay  off  the  angle  of  ihe 
second  course,  and  set  off  the  length  of  this  course,  from  2  to  3. 

Proceed  m  like  manner  for  each  course.  When  the  last  course  is 
platted,  it  should  end  precisely  at  the  starting  point,  as  the  survey 
did,  if  it  were  a  closed  survey,  aa  of  a  field.  If  the  plat  does  not 
"  close,"  or  "  come  together,"  it  shows  some  error  or  inaccuracy 
either  in  the  ori^nal  survey,  if  that  have  not  been  ^^  tested"  by 
Latitudes  and  Departures,  or  m  the  work  of  platting.  A  method 
of  correction  is  explained  m  Art.  (itS).  Tb^  plat  here  given  is 
the  same  as  that  of  Hg.  175,  page  151. 

This  mannerof  laying  down  the  directions  of  lines,  by  the  angles 
which  they  make  with  a  meridian  Ime,  has  a  great  advantage,  in 
both  accuracy  and  rapidity,  over  the  method  of  platting  lines  by 
the  angles  which  each  makes  with  the  line  which  comes  before  it 
In  the  latter  method,  any  error  in  the  direction  of  one  line  makes 
all  that  follow  it  also  wrong  in  their  directionB.  In  the  former,  the 
direction  of  each  Ime  is  independent  of  the  preceding  line,  though 
its  position  would  be  changed  by  a  previous  error. 

Instead  of  drawing  a  meridian  through  each  station,  sometimes 
only  one  is  drawn,  near  the  middle  of  the  sheet,  and  all  the  bear- 
ings of  the  survey  are  laid  off  from  some  one  point  of  it,  as  shown 
in  the  figure,  and  numbered  to  correspond  with  the  stations  fi:om 
which  these  bearings  were  taken.  The  circular  protractor  is  conve* 
nient  for  this.  They  are  then  transferred  to  the  places  where 
they  are  wanted,  by  a  triangle  or  other  parallel  ruler,  as  explained 
on  page  27.  The  figure  at  the  top  of  the  next  page  represents 
the  same  field  platted  by  this  method. 

A  semi-circular  protractor  is  sometimes  attached  to  the  stock 
end  of  the  T  square,  so  that  its  blade  may  be  set  at  any  desired 
angle  with  the  meridian,  and  any  bearing  be  thus  protracted  wiih' 
out  drawing  a  meridian.    It  has  some  mconveniences. 
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(267)  The  Compass  itself  may  be  used  to  plat  bearings.  For 
ttis  purpose  it  must  be  attached  to  a  square  board  so  that  the  N 
and  S  Une  of  the  compass  box  maj  be  parallel  to  two  opposite 
edges  of  the  board.  This  is  placed  on  the  paper,  and  the  box  is 
turned  till  the  needle  points  as  it  did  when  the  first  bearing  was 
taken.  Then. a  line  drawn  by  one  edge  of  the  board  will  be  in  a 
proper  direction.  Mark  off  its  length,  and  plat  the  next  and  the 
succeeding  bearings  in  the  same  manner. 


(268)  When  the  plat  of  a  suryey  does  not  "  close,"^it  may  be 
corrected  as  foUows.    Let  Fig.  i83. 

ABODE  be  the  boundary  S" 

lines  platted  according  to 
the   ^yen  bearings   and 
distances,  and  suppose  that         ^^^ 
the  last  course  comes  to  E,  A^^ 
instead  of  ending  at  A,  as      \        '^"•^- 
it  should.     Suppose  also 
that  there  is  no  reason  to 
sospect  any  single  great 
error,  and  tiiat  no  one  of  the  lines  was  measured  over  very  rough 
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ground,  or  was  speciallj  uncertain  in  its  direction  when  observed* 
The  inaccuracy  must  then  be  distributed  among  all  the  lines  in 
proportion  to  their  length.  Each  point  in  the  figure,  B,G,D,E,  must 
be  moved  in  a  direction  parallel  to  EA,  bj  a  certain  distance  which 
is  obtained  thus.  Multiply  the  distance  EA  bj  the  distance  AB, 
and  divide  by  the  sum  of  all  the  courses.  Hie  quotient  will  be  the 
distance  BB'.  To  get  CC,  multiply  EA  by  AB  +  BC,  and  divide 
the  product  by  the  same  sum  of  all  the  courses.  To  get  DD',  mul- 
tiply EA  by  AB  +  BC  +  CD,  and  divide  aa  before.  So  for  any 
course,  multiply  by  the  sum  of  the  lengths  of  that  course  and  of  all 
those  preceding  it,  and  divide  aa  before.  Join  the  points  thus 
obtained,  and  the  closed  polygon  AB'G'D'A  will  thus  be  formed, 
and  will  be  the  moat  probable  plat  of  the  given  survey.* 

The  method  of  Latitudes  and  Departures,  to  be  exi>kdned  here-, 
after,  is,  however,  the  best  for  effecting  this  object. 

(269)  FieM  Platting^  It  is  sometimes  desirable  to  plat  the 
courses  of  a  survey  in  the  field,  as  soon  as  they  are  taken,  as  was 
mentioned  in  Art.  (247),  under  the  head  of  "  Keeping  the  field- 
notes.''  One  method  of  doing  this  is  to  have  the  paper  of  the 
Field-book  ruled  with  parallel  lines,  at  uneqiiai  distances  apart, 
and  to  use  a  rectangular  pro- 
tractor (which  may  be  made 
of  Bristol-board,  or  other  stout 
drawing  paper,)  with  Imes  rul- 
ed across  it  at  equal  distances 
of  some  fraction  of  an  inch.  A 
bearing  having  been  taken  and 
noted,  the  protractor  is  laid  on 
the  paper  and  its  centre  placed  at  the  station  where  the  bearing  is 
to  be  laid  off.  It  is  then  turned  till  one  of  its  cross-lines  coincides 
with  some  one  of  the  lines  on  the  paper,  which  represent  East  and 
West  lines.  The  long  side  of  the  protractoi  will  then  be  on  a 
meridian  and  the  proper  angle  (40^  in  the  figure)  can  be  at  once 
marked  off.  The  length  of  the  course  can  also  bo  set  off  by  the 
equal  spaces  between  the  cross-lines,  lettmg  each  space  represent 
any  convenient  number  of  links. 

•  This  was  demonstrated  by  Dr.  Bowditch,  in  No.  4,  of  "  The  Analjit.'* 
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(270)  A  common  rectangular  protractor  without  anj  cross-lmes, 
or  a  semi-circular  one,  can  also  Fig..i85. 

be  used  for  the  same  purpose. 
The  parallel  lines  on  the  paper 
(which,  in  this  method,  may 
bo  equi-distant,  as  in*  common 
ruled  writing  paper)  will  now 
represent  meridians.  Place 
the  centre  of  the  protractor 
on  the  meridian  nearest  to  the 
station  at  which  the  angle  is  to 
be  laid  off,  and  turn  it  till  the 
^ven  number  of  degrees  is  cut  by  the  meridian.  Slide  the  pro- 
tractor up  or  down  the  meridian  (which  must  continue  to  pa^ 
through  the  centre  and  the  proper  degree)  till  its  edge  passes 
through  the  station,  and  then  draw  by  this  edge  a  line,  which  will 
have  the  bearing  required. 


Fig.  188. 


(271)  Paper  ruled  into  sqiuires,  (as  are  sometunes  the  right- 
hand  pages  of  surveyors'  field-books),  may  be  used  for  platting 
bearings  in  the  field.  The  lines  runiling  up  the  page  may  be  called 
North  and  South  lines,  and  those  running  across  the  page  will  then 
be  East  and  West  lines.  Any  course  of  the  survey  will  be  the 
hypothenuse  of  a  right-angled  triangle,  and  the  ratio  of  its  other 
two  sides  will  determine  the 
angle.  Thus,  if  the  ratio  of 
the  two  sides  of  the  right-an- 
gled triangle,  of  which  the  line 
AB  in  the  figure  is  the  hypoth- 
enuse, is  1,  that  line  makes  an 
angle  of  45*^  with  the  meridian. 
If  the  ratio  of  the  long  to  the 
short  side  of  the  right-angled 
triangle  of  which  the  line  AC 
is  the  hypothenuse,  is  4  to  1, 
the  line  AC  makes  an  angle 
of  14**  with  the  meridian.     The  line  AD,  the  hypothenuse  of  an 
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equal  triangle,  which  has  its  long  side  Ijing  East  and  West,  makes 
likewise  an  angle  of  14^  with  that  side,  and  therefore  makes  an 
angle  of  76°  with  the  meridian.* 

To  {ia«cilitate  the  use  of  this  method,  the  following  table  has  been 
prepared. 

TABLE  FOR  PLATTING  BY  SQUARES. 


1 

Rilloof 
long  aide  to 
•hort  lide. 

fl 

1° 

57.3  to  1 

89° 

2° 

28.6  to  1 

88° 

8o 

19.1  to  1 

87° 

40 

14.3  to  1 

86° 

50 

11.4  to  1 

85° 

6° 

9.5  to  1 

84° 

70 

8.1  to  1 

83° 

8° 

7.1  to  1 

82° 

93 

6.3  to  1 

81° 

10° 

5.7  to  1 

80° 

11° 

5.1  to  1 

790 

12° 

4.9  to  1 

78° 

13° 

4.3  to  1 

770 

140 

4.0  to  1 

76° 

15° 

3.7  to  1 

75° 

170 
I80 
190 
200 
210 

220 
230 
24^ 
250 
260 
270 
280 
290 
30O 


Ratio  of 
long  side  to 
short  side. 


8.49  to  1 
3.27  to  1 
3.08  to  1 
2.90  to  1 
2.75  to  1 
2.61  to  1 
2.48  to  1 
2.36  to  1 
2.25  to  1 
2.14  to  1 
2.05  to  1 
1.96  to  1 
1.88  to  1 
1.80  to  1 
1.73  to  1 


74' 

730 

720 

710 

700 
690 
68^ 
67° 
660 
650 
640 
63° 
620 
6I0 
60^ 


Ratio  of 
long  side  to 
short  side. 


1.664  to  1 
1.600  to  1 
1.540  to  1 
1.483  to  1 
1.428  to  1 
1.876  to  1 
1.827  to  1 
1.280  to  1 
1.235  to  1 
1.192  to  1 
1.150  to  1 
1.111  to  1 
1.072  to  1 
1.036  to  1 
1.000  to  1 


9 

590 
580 
570 
560 
550 
540 
530 
520 
51° 
50O 
490 

480 
470 

460 
450 


To  use  this  table,  find  in  it  the  ratio  corresponding  to  the  angie 
which  you  wish  to  plat.  Then  count,  on  the  ruled  paper,  any 
number  of  squares  to  the  right  or  to  the  left  of  the  point  which 
represents  the  station,  according  as  your  bearing  was  East  or  West; 
and  count  upward  or  downward  according  as  your  bearing  was  North 
or  South,  the  number  of  squares  given  by  multiplying  the  first  num- 
ber  by  the  ratio  of  the  Table.  Thus ;  if  the  given  bearing  firom  A 
in  the  figure,  was  N.  20^  E.  and  two  squares  were  counted  to  the 
right,  then  2  x  2.75  =  5^  squares,  should  be  counted  upward,  to 
E,  and  AE  would  be  the  required  course. 


(272)  With  a  paper  protractor.  Engraved  paper  protractors 
may  be  obtained  from  the  instrument-makers,  and  are  very  conve* 

*  This  and  all  the  following  ratios  may  be  obtained  directly  from  TrigonniDe* 
trical  Tables ;  for  the  ratio  of  the  loog  side  to  the  short  tide,  the  latter  being 
taken  at  unity,  is  the  natural  cotangent  of  the  an^le. 
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nient.  A  circle  of  large  size,  divided  into  degrees  and  quai*ters, 
is  engraved  on  copper,  and  impressions  from  it  are  taken  on  draw- 
ing paper.  The  divisions  are  not  numbered.  Draw  a  straight  line 
to  represent  a  meridian,  dirough  the  centre  of  the  circle,  in  anj 
convenient  direction.  Number  the  degrees  from  0  to  90°,  each 
way  from  the  ends  of  this  meridian,  as  on  the  compass-plate.    The 


Hg.  187. 


protractor  is  now  ready  for 
use.  Choose  a  convenient 
point  for  the  first  station. 
Suppose  the  first  bearing  to 
beN.80°E.  The  line  pass- 
mg  through  the  centre  of  the 
circle  and  through  the  oppo- 
site points  N.  30''  E.  and  S. 
30®  W.  has  the  bearing  re- 
quired. But  it  does  not  pass 
through  the  station  1.  Transfer  it  thither  by  drawing  through 
station  1  a  line  parallel  to  it,  which  will  be  the  course  required,  its 
proper  length  being  set  off  on  it  from  1  to  2.  Now  suppose  the 
bearing  frt>m  2  to  be  S.  60°  E.  Draw  through  2  a  line  parallel 
to  the  line  passing  through  the  centre  of  the  circle  and  through 
tiie  opposite  poinia  S.  60°  E.,  and  N.  60°  W.,  and  it  will  be  the 
line  desired.  On  it  set  off  the  proper  length  from  2  to  8,  and  so 
proceed. 

When  the  plat  is  completed,  the  engraved  sheet  is  laid  on  a 
clean  one,  and  the  stations  "  pricked  through,"  and  the  points  thus 
oStained  on  the  clean  sheet  are  connected  by  straight  lines.  The 
pencilled  plat  is  then  rubbed  off  from  the  engraved  sheet,  which  can 
be  used  for  a  great  number  of  plats. 

K  the  central  circle  be  cut  out,  the  plat,  if  hot  too  large,  can  be 
made  directiy  on  the  paper  where  it  is  to  remam. 

The  surveyor  can  make  such  a  paper  protractor  for  himself,  with 
great  ease,  by  means  of  the  TabU  of  ChordB  at  the  end  of  this 
volume,  the  use  of  which  is  explained  in  Art.  (275).  The  engraved 
ones  may  have  shrunk  after  being  printed. 

Such  a  circle  is  sometimes  drawn  on  the  map  itself.  This  wiU 
be  particularly  convenient  if  the  bearings  of  any  lines  on  the  map. 
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not  taken  on  the  ground,  are  likely  to  be  required.    If  the  map  h% 
rerj  long,  more  than  one  may  be  needed. 

(273)  Drawlig^-Board  Protractor.  Such  a  divided  circle,  as 
has  just  been  described,  or  a  circular  protractor,  may  be  placed  on 
a  drawing  board  near  its  centre,  and  so  that  its  0^  and  90°  lines 
are  parallel  to  the  sides  of  the  drawing  board.  Lines  are  then  to 
be  drawn,  through  the  centre  and  opposite  divisions,  by  a  ruler 
long  enough  to  reach  the  edges  of  the  drawing  board,  on  which 
they  are  to  be  cut  in,  and  numbered.  The  drawing  board  thus 
becomes,  in  fact,  a  double  rectangular  protractor.  A  strip  of 
white  paper  may  have  previously  been  pasted  on  the  edges,  or  a 
narrow  strip  of  white  wood  inlaid.  When  this  is  to  be  used  for 
platting,  a  sheet  of  paper  is  put  on  the  board  as  usual,  and  lines 
are  drawn  by  a  ruler  laid  across  the  0°  points  and  the  90^  points, 
and  the  centre  of  the  circle  is  at  once  found,  and  should  be  marked 
O.    The  bearings  are  then  platted  as  in  the  last  method. 

(274)  With  a  scale  of  chords.  On  the  plane  scale  contamed 
in  cases  of  mathematical  drawing  instruments  will  be  found  a  series 
of  divisions  numbered  from  0  to  90,  and  marked  CH9  or  C* 
This  is  a  scale  of  chords,  and  gives  the  lengths  of  the  chords  of 
any  arc  for  a  radius  equal  in  length  to  the  chord  of  60''  on  the 
scale.  To  lay  oflf  an  angle  with  this  scale,  as  for 
example,  to  draw  a  line  making  at  A  an  angle 
of  40°  with  AB,  take,  in  the  dividers,  the  dis- 
tances from  0  to  60  on  the  scale  of  chords ;  with 
this  for  radius  and  A  for  centre,  describe  an  in- 
definite arc  CD.  Take  the  distai^ce  from  0  to 
40  on  the  same  scale,  and  set  it  off  on  the  arc  as 
a  chord,  from  G  to  some  point  D.  Join  AD,  and 
prolong  it.     EAE  is  the  angle  required. 

The  Sector,  represented  on  page  36,  supplies  a  modification  of 
tills  method,  sometimes  more  convenient.  On  each  of  its  leg?  is 
a  scale  marked  G,  or  GH.  Open  it  at  pleasure ;  extend  the  com* 
pass  from  60  to  60,  one  on  each  leg,  and  with  this  radius  describe 
an  arc.    Then  extend  the  compasses  from  40  to  40,  and  the  dis* 
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tance  will  be  the  chord  of  40^  to  that  radios.    It  can  be  set  off  as 
above. 

The  smallness  of  the  scale  renders  the  method  with  a  scale  of 
•chords  practicallj  deficient  in  exactness ;  but  it  seryes  to  illostrate 
the  next  and  best  method. 

(275)  With  a  Table  ef  chords.  At  the  end  of  ttus  volume 
will  be  found  a  Table  of  the  lengths  of  the  chords  of  arcs  for  every 
degree  and  mmute  of  the  quadrant,  calculated  for  a  radius  equal 
tol. 

To  use  it,  take  in  the  compasses  one  mch,  one  foot,  or  any  other 
convenient  distance  (the  longer  the  better)  divided  into  tenths  and 
hundredths,  bj  a  diagonal  scale,  or  otherwise.  With  this  as  radius 
describe  an  arc  as  in  the  last  case,  find  in  the  table  of  chords 
the  length  of  the  chord  of  the  desired  angle.  Take  it  from  the 
scale  just  used,  to  the  nearest  decimal  part  which  the  scale  will 
give.  Set  it  off  as  a  chord,  as  in  the  last  figure,  and  join  the  point 
tiius  obtained  to  the  starting  point.     This  gives  the  angle  desired. 

The  superiority  of  this  method  to  that  which  employs  a  protrac- 
tor, is  due  to  the  greater  precision  with  which  a  straight  line  can 
be  divided  than  can  a  circle. 

A  slight  modification  of  this  method  is  to  take  in  the  compasses 
10  equal  parts  of  any  convenient  length,  inches,  half  inches,  quar- 
ter inches,  or  any  other  at  hand,  and  with  this  radius  describe  an 
arc  as  before,  and  set  off  a  chord  10  times  as  great  as  the  one 
found  in  the  Table,  i.  e.  imagine  the  decimal  point  moved  one 
place  to  the  right. 

If  the  radius  be  100  or  1000  equal  parts,  imagine  the  decimal 
|iuint  moved  two,  or  three,  places  to  the  right. 

Whatever  radius  may  be  taken  or  given,  the  product  of  that 
radius  into  a  chord  of  the  Table,  will  give  the  chord  for  that  radius. 

This  gives  an  easy  and  exact  method  of  getting  a  right  angle ; 
by  describing  an  arc  with  a  radius  of  1,  and  setting  off  a  chord 
equal  to  1.4142. 

If  tiie  angle  to  be  constructed  is  more  than  90^,  construct  on 
the  other  side  of  the  given  point,  upon  the  given  line  prolonged,  an 
angle  equal  to  what  the  given  angle  wants  of  180^ ;  i.  e.  its 
SyvplemerUy  m  the  language  of  Trigonometry. 
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Thifl  same  Table  ^ves  the  means  of  measnring  any  angle. 
With  the  angular  point  for  a  centre,  and  1,  or  10,  for  a  radius, 
describe  an  arc.  Measore  the  length  of  the  chord  of  the  arc 
between  the  legs  of  the  angle,  find  this  length  in  the  Table,  and 
the  angle  corresponding  to  it  is  the  one  desired.* 

(276)  With  a  Table  of  iiatval  sines.  In  the  absence  of  a 
Table  of  chords,  heretofore  rare,  a  table  of  natoral  sines,  which  can 
be  found  anywhere,  may  be  used  as  a  less  convenient  substitute. 
Since  the  chord  of  any  angle  equals  twice  the  sine  of  half  the 
angle,  divide  the  given  angle  by  two ;  find  in  the  table  the  natural 
able  of  this  half  an^le ;  double  it,  and  the  product  is  the  chord  of 
the  whole  angle.  This  can  then  be  used  precisely  as  was  the 
chord  in  the  preceding  article. 

An  ingenious  modification  of  this  method  has  been  much  used. 
Describe  an  arc  from  the  ^ven  point  as  centre,  as  in  the  last  two 
articles,  but  with  a  radius  of  5  equal  parts.  Take,  firom  a  Table, 
tiie  length  of  the  natural  sine  of  half  the  ^ven  angle  to  a  radius  of 
10.  Set  off  this  length  as  a  chord  on  the  arc  just  described,  and 
join  the  point  thus  obtained  to  the  ^ven  point.t 

(277)  By  Latitudes  aid  Departves.  When  the  Latitudes 
and  Departures  of  a  survey  have  been  obtamed  and  corrected,  (as 
explained  in  Chapter  Y),  either  to  test  its  accuracy,  or  to  obtain 
its  content,  they  afford  the  easiest  and  best  means  of  platting  it. 
The  description  of  this  method  will  be  given  in  Art.  (285). 

*  This  Table  will  alao  serve  to  find  the  natural  tim,  or  eotine,  of  any  angle. 
Moltiply  the  given  an^le  by  two  ;  find,  in  the  Table,  the  chord  of  this  double 
angle ;  and  half  of  thu  chord  will  be  the  natural  sine  required.  For,  the  chord 
of  any  angle  ia  e^nal  to  twice  the  sine  of  half  the  angle.  To  find  the  eorime,  pro- 
ceed as  above,  with  the  angle  which  addod  to  the  given  angle  would  make  90^. 

Another  use  of  this  Table  is  to  inscribe  regular  polygons  in  a  circle  by  letting 
off  the  chords  of  the  arcs  which  their  sides  suotend. 

Still  another  use  is  to  divide  an  arc  or  angle  into  any  number  of  equal  parti 
by  setting  off  the  fractional  arc  or  angle.  Fig.  IM. 

t  The  reason  of  'this  is  apparent  from  the  ^'^^n^ 

figure.  DB  is  the  sine  of  half  tfie  angle 
BAG,  to  a  radius  of  10  equal  parts,  and 
BC  is  the  chord  directed  to  be  set  off,  to  a 
radius  of  6  c  qoal  parts.  BO  is  equal  to  DB  ; 
for  BO  M  2.BF,  Dy  Trigonometry,  and  DE 
'^  2.BF,  by  similar  triangles ;  hence  BO  ^ 
DB. 
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LATITUDES  AND  DEPARTURES- 

(278)  Definlttoiis*  The  Latitude  of  a  point  is  its  distance 
North  or  South  of  some  "  Parallel  of  Latitude^^^  or  line  running 
East  or  West.  The  Longitude  of  a  point  is  its  distance 
East  or  West  of  some  ^^MericUany"  or  line  running  North  and 
South.  Li  Compass-Surveying,  the  Magnetic  Meridian,  i.  e.  the 
direction  in  which  the  Magnetic  Needle  points,  is  the  line  from 
which  the  Longitudes  of  points  are  measured,  or  reckoned.  . 

The  distance  which  one  end  of  a  line  is  due  North  or  South  of 
the  other  end,  is  called  the  Difference  of  Latitude  of  the  two  ends 
of  the  line ;  or  its  Northing  or  Southing  ;  or  simply  its  Latitude. 

The  distance  which  one  end  of  the  line  is  due  East  or  West  of 
the  other,  is  here  called  the  Difference  of  Longitude  of  the  two 
ends  of  the  line ;  or  its  Easting  or  Westing;  or  its  Departure. 

Latitudes  and  Departures  are  the  most  usual  terms,  and  will  be 
generally  used  hereafter,  for  the  sake  of  brevity. 

This  subject  may  be  illustrated  geographicaUy,  by  noticing  that 
a  traveller  in  going  from  New- York  to  Buffalo  in  a  straight  line, 
would  go  about  160  miles  due  north,  and  250  miles  due  west. 
These  distances  would  be  the  difierences  of  Latitude  and  of  Longh 
tode  between  the  two  places,  or  his  Northing  and  Westing.  Be* 
taming  from  Bufiyo  to  New-York,  the  same  distances  would  be 
his  Southing  and  Easting.* 

Li  mathematical  language,  the  operation  of  finding  the  Latitude 
and  Longitude  of  a  line  from  its  Bearing  and  Length,  would  be 
called  the  transformation  of  Polar  Co-ordinates  into  Bectangular 
Co-ordinates.  It  consists  in  determining,  by  our  Second  PrindpUy 
the  position  of  a  pomt  which  had  originally  been  determined  by 
the  Third  Principle.    Thus,  in  the  figure,  (which  is  the  same  as 

*  It  Bhould  be  remembered  that  the  followioff  discussions  of  the  Latitudes  and 
Longitudes  of  the  potnis  of  a  survey  will  not  always  be  fully  applicable  to  those 
of  distant  places,  such  as  the  cities  just  named,  in  consequence  of  the  surface  oi 
&e  earth  nor  being  a  plane. 
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that  of  Art.  (9)),  the  point  Sis  determin- 
ed by  the  angle  SAC  and  by  the  dis- 
tance AS.  It  is  also  determined  by  the 
distances  AG  and  GS,  measured  at  right 
angles  to  each  other ;  and  then,  supposing  -^^ 
CS  to  run  due  North  and  South,  CS  ^vrill  be  the  Latitude^  and  AO 
the  Departure  of  the  line  AS. 

(279)  Calcnlatton  of  Latltndes  and  Departnrcs. 

be  a  given  line,  of  which  the  length 
AB,  and  the  bearing  (^or  angle,  BAG, 
which  it  makes  with  the  Magnetic 
Meridian),  are  known.  It  is  required 
to  find  the  differences  of  Latitude  and 
of  Longitude  between  its  two  extremi- 
ties A  and  B :  that  is,  to  find  AG  and 
CB ;  or,  what  is  the  same  thing,  BD 
and  DA. 

It  will  be  at  once  seen  that  AB  is 
the  hypothenuse  of^a  right-angled  tri- 
angle, in  which  the  ^^ Latitude"  and  the  ^^  Departure''  are  the  sides 
about  the  right  angle.  We  therefore  know,  from  the  principles  of 
trigonometry,  that 

AG  =  AB .  cos.  BAG, 
BG  =  AB .  sm.  BAG. 

Hence,  to  find  the  Latitude  of  any  course,  multiply  the  natural 
cosme  of  the  bearing  by  the  length  of  the  course ;  and  to  find  the 
Departure  of  any  course,  multiply  the  natural  sine  of  the  bearing 
by  the  lengtli  of  the  course. 

K  the  course  be  Northerly,  the  Latitude  will  be  North,  and 
will  be  marked  with  the  algebrsdc  sign  +^plu8^  or  additive;  if 
it  be  Southerly,  the  Latitude  will  be  South,  and  will  be  mariced 
with  the  algebraic  sign  — ,  minu%^  or  subtractive. 

If  the  course  be  Easterly,  the  Departure  will  be  East,  and 
marked  +,  or  additive ;  if  the  course  be  Westerly,  the  Departure 
will  be  West,  and  marked  — ,  or  subtractive. 
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(280)  FerniHlaSt  The  rules  of  the  precedmg  article  may  be 
expressed  thus ; 

Latitude  »=  Distance  x  cos.  Bearing, 
Departure  =  Distance  X  sin.  Bearing.* 
From  these  formulas  maj  be  obtained  others,  hj  which,  when 
any  two  of  the  above  four  things  are  given,  the  remaining  two  can 
be  found. 

When  the  Bearing  and  Latitude  are  given; 

Distance  =  — ^=r--?—  =  Latitude  X  sec.  Bearing, 

COS.  Bearing  °' 

Departure  =  Latitude  x  tang.  Bearing. 

When  the  Bearing  and  Departure  are  given; 
Distance  =  sin^^eariT^  ~  Departure  x  cosec.  Bearing, 
Latitude  =  Departure  x  cotang.  Bearing. 

When  the  Distance  and  Latitude  are  given; 

r*        -Tk        •  Latitude 

Cos.Beanng  =  ^j—j;^, 

Departure  =  Latitude  X  tang.  Bearing. 
When  the  Distance  and  Departure  a/re  given  ; 

ri.       T»       •  Departure 

Sm.Beanng  =  -^j;jjj^, 

Latitude  =  Departure  X  cotang.  Bearing. 
When  the  Latitude  and  Departure  are  given  ; 
Tang,  of  Bearing  r^-^^^^^^. 

Distance  =  Latitude  X  sec.  Bearing. 
Still  more  simply,  any  two  of  these  three — Distance,  Latitude 
and  Departure — being  given,  we  have 

Distance  =  ^(Latitude^  +  Departure') 
Latitude  =  ^(Distance'  — Departure') 
Departures?  V (Distance' — Latitude') 

(281)  Traverse  Tables.  The  Latitude  and  Departure  of  any 
distance,  for  any  bearing,  could  be  found  by  the  method  given  in 
Art.  (27»),  with  the  aid  of  a  table  of  Natural  Smes.    But  to 

•  V^henever  sines,  cosines,  tangents,  &c.,  are  here  named,  they  mean  the  nata 
ral  ainea  &c.,  of  an  arc  describea  with  a  radias  equal  to  one,  or  to  tie  unit  by 
which  the  sines,  &c.,  are  measured. 
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facilitate  these  calculations,  which  are  of  so  frequent  occurrence 
and  of  so  great  uBe,  T}raver%e  Tables  have  been  prepared,  origin- 
.  ally  for  navigators,  (whence  the  name  l^averse),  and  subsequently 
for  surveyors.* 

The  Traverse  Table  at  the  end  of  this  volume  gives  the  Latitude 
and  Departure  for  any  bearing,  to  each  quarter  of  a  degree,  and 
for  distances  from  1  to  9. 

To  use  itf  find  in  it  the  number  of  degrees  m  the  bearing,  on 
die  left  hand  side  of  the  page,  if  it  be  less  than  45^,  or  on  the  right 
hand  side  if  it  be  more.  The  numbers  on  the  same  line  running 
across  the  page,t  are  the  Latitudes  and  Departures  for  that  bear- 
ing, and  for  the  respective  distances — 1,  2,  8,  4,  5,  6,  7,  8,  9, — 
which  are  at  the  top  and  bottom  of  the  page,  and  which  may 
represent  chains,  links,  rods,  feet,  or  any  other  unit.  Thus,  if  the 
bearing  be  15^,  and  the  distance  1,  the  Latitude  would  be  0.966 
and  the  Departure  0.259.  For  the  same  bearing,  but  a  distance 
of  8,  the  Latitude  would  be  7.727,  and  the  Departure  2.071. 

Any  distance,  however  great,  can  have  its  Latitude  and  Depar- 
ture readily  obtamed  from  this  table ;  since,  for  the  same  bearing, 
they  are  directiy  proportional  to  the  distance,  because  of  the  simi- 
lar triangles  which  they  form.  Therefore,  to  find  the  Latitude  or 
Departure  for  60,  multiply  that  for  6  by  10,  which  merely  moves 
the  decimal  point  one  place  to  the  right ;  for  600,  multiply  the 
numbers  found  in  the  Table  for  5,  by  100,  i.  e.  move  the  decimal 
point  two  places  to  the  right,  and  so  on.  Merely  moving  the  deci- 
mal point  to  the  right,  one,  two,  or  more  places,  will  therefore 
enable  this  Table  to  give  the  Latitude  and  Departure  for  any  deci- 
mal multiple  of  the  numbers  in  the  Table. 

For  compound  numbers,  such  as  873,  it  is  only  necessary  to 
find  separately  the  Latitudes  and  Departures  of  800,  of  70,  and  of 
3,  and  add  tiiem  together.  But  this  may  be  done,  with  scarcely 
any  risk  of  error,  by  the  following  simple  rule. 

*  The  first  Traverse  Table  for  Surveyors  seems  to  have  been  pnbiished  in  1791, 
by  John  Gale.  The  most  extensive  table  is  that  of  Capt.  Boilean,  of  the  British 
army,  being  calculated  for  every  minute  of  bearing,  and  to  five  decimal  places, 
for  distances  fi-om  1  to  10.  The  Table  in  this  volume  was  calculated  for  it,  and 
then  compared  with  the  one  just  mentioned. 

t  In  usin^  this  or  any  similar  Table,  lay  a  ruler  across  the  pag<>,  just  above  oc 
below  the  line  to  be  followed  out.    This  is  a  very  valuable  mechanica.  assistanoe 
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Write  down  the  Latitade  and  Departure  for  the  first  figoro  of 
the  ^ven  number,  as  found  in  the  Table,  neglecting  the  decimal 
point ;  write  under  them  the  Latitude  and  Departure  of  the  second 
figure,  settmg  them  one  place  farther  to  the  right ;  under  them 
write  the  Latitude  and  Departure  of  the  third  figure,  setting  them 
one  place  farther  to  the  right,  and  so  proceed  with  all  the  figures 
of  the  given  number.  Add  up  these  Latitudes  and  Departures, 
and  cut  off  the  three  right  hand  figures.  The  remaining  figures 
will  be  the  Latitude  and  Departure  of  the  ^yen  number  in  links, 
or  chains,  or  feet,  or  whatever  unit  it  was  given  in. 

For  example ;  let  the  Latitude  and  Departure  of  a  course  hav 
ing  a  distance  of  873  links,  a)\d  a  bearing  of  20^,  be  required.    Li 
the  Table  find  20^,  and  then  take  out  the  Latitude  and  Departure 
for  8,  7  and  3,  in  turn,  placmg  them  as  above  directed,  thus : 
Distances,  Latitudes,  Departures. 

800  7618  2786 

70  6578  2394 

_3  2819  1026 

878  820.899  298.666 

Taking  the  nearest  whole  numbers  and  rejecting  the  decimals, 
we  find  the  desired  Latitude  and  Departure  to  be  820  and  299.^ 

When  a  0  occurs  in  the  ^ven  number,  the  next  figure  must  be 
set  two  places  to  the  right,  the  reason  of  which  will  appear  from 
the  following  example,  in  which  the  0  is  treated  like  any  other 
number. 

Given  a  bearing  of  86^,  and  a  distAce  of  8048  links. 
Distances,  Latitude.  Departures. 
8000                      2467  1721 
000     .                    0000  0000 
40                          8277  2294 
8                            6563  4589 

3048  2496.823  1748.529 

Here  the  Latitudes  and  Departures  are  2496  and  1749  links. 

*  It  18  frequently  doabtful,  in  many  calculations,  when  the  final  decimal  it  5, 
whether  to  increase  the  preceding  figure  by  one  or  not  Thus,  43.5  may  be  called 
43  or  44  ^-ith  equal  correctness.  It  is  better  in  sach  cases  not  to  increase  the 
whole  number,  so  aa  to  escape  the  trouble  of  changing  the  original  figure,  and 
^e  increased  chance  of  error.  If,  however,  more  than  one  such  a  case  occurs  in 
the  aame  column  to  be  added  up,  the  larger  ^nd  smaller  number  should  be  taken 
alternately. 
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When  the  bearing  is  over  45^,  the  names  of  the  colomns  must 
be  read  from  the  bottom  of  the  page,  the  Latitade  of  any  bearing, 
as  50^,  bemg  the  Departure  of  the  complement  of  this  bearing,  or 
40",  and  the  Departure  of  40''  being  the  Latitade  of  dO"",  &;c.  The 
reason  of  this  will  be  at  once  seen  on  inspecting  the  last  figure,  (page 
170),  and  ima^ning  the  East  and  West  line  to  become  a  Meri- 
dian. For,  if  AC  be  the  magnetic  meridian,  as  before,  and  there- 
fore BAG  be  the  bearing  of  the  course  AB,  then  is  AG  the  Laii- 
tade,  and  GB  the  Departure  of  that  course.  But  if  AE  be  the 
meridian  and  BAD  (the  complement  of  BAG)  be  the  bearing, 
then  is  AD  (which  is  equal  to  GB)  the  Latitude,  and  DB,  (wbich 
IS  equal  to  AG),  the  Departure. 

As  an  example  of  this,  let  the  bearing  be  63^",  and  the  distance 
8469  links.    Proceeding  as  before,  we  have 

Distances.  Latitudes.  Departures, 

8000  1360  2679 

400  1800  8572 

60  2701  6358 

9  4051  8037 


3469.  1661.061  3097.817 

The  required  Latitude  and  Departure  are  1661  and  3098  links. 

Li  the  few  cases  occurring  in  Gompass-Surveying,  in  which  the 
bearing  is  recorded  as  somewhere  between  the  fractions  of  a  degree 
given  in  the  Table,  its  Latitude  and  Departure  may  be  formd  by 
interpolation.  Thus,  if  th^bearing  be  10§°,  take  the  half  sum  of 
the  Latitudes  and  Departures  for  10  J°  and  10^^  K  it  be  10*"  20% 
add  one-third  of  the  difference  between  the  Lats.  and  Deps.  for 
10^  and  for  10^^,  to  those  opposite  to  10^° ;  and  so  in  any  sinular 
case. 

The  uses  of  this  table  are  very  varied.  The  principal  applica- 
tions of  it,  which  will  now  be  explained,  are  to  Testing  the  aceur 
racy  of  surveys;  to  Supplying  omissions  in  them;  to  PUOdng 
them,  and  to  Calculating  their  content* 

*  The  Traverse  Table  admits  of  many  other  minor  uses.  Tbns,  it  maj  be  used 
for  solving,  approximately,  any.  right-angled  triangle  by  mere  inspection,  the 
bearing  being  taken  for  one  of  the  acute  angles ;  the  Latitade  being  the  aide  ad- 
jacent, the  Departure  the  side  opposite,  and  the  Distance  the  hypoiheuuse.  Anr 
two  of  these  bein?  given,  the  others  are  given  h^  the  Table.  The  Table  wifi 
therefore  serve  to  show  the  allowance  tu  be  made  in  chaining  on  slopes  (see  ArU 


T.] 


Latttiies  ail  Departues. 


176 


(282)  Appllcatton  to  Testing  a  Snryey*  It  is  self-evident, 
that  when  the  surveyor  has  gone  completely  arouni  a  field  or 
fieurm,  taking  the  bearings  and  distances  of  each  boundary  line,  till 
lie  haa  got  back  to  the  starting  pomt,  that  he  has  gone  precisely 
as  far  South  as  North,  and  as  far  West  as  East.  But  the  sum  of 
the  North  Latitudes  tells  how  far  Nortii  he  has  gone,  and  the  sum 
of  the  South  Latitudes  how  far  South  he  has  gone.  Hence  these 
two  sums  will  be  equal  to  each  other,  if  the  survey  has  been  cor- 
rectiy  made.  Li  like  manner,  the  sums  of  the  East  and  of  the 
West  Departures  must  also  be  equal  to  each  other. 

We  will  apply  this  principle  to  testing  the  accuracy  of  the  sur- 
vey of  which  Mg.  175,  page  151,  is  a  plat.  Prepare  seven 
columns,  and  head  them  as  below,  find  the  Latitude  and  Depar- 
ture of  each  course  to  the  nearest  link,  and  write  them  in  their 
appropriate  columns.  Add  up  these  columns.  Then  will  the 
difference  between  the  sums^of  the  North  lyid  South  Latitudes, 
and  between  the  sums  of  the  East  and  West  Departures,  indicate 
tte  degree  of  accuracy  of  the  survey. 


STATION. 

BSXBJS9. 

DISTANCE. 

I^TITUDB. 

DEPABTtniE.  1 

N. 

S. 

E. 

W. 

1 

2 
8 
4 
5 

N.  36°  E. 
N.  83rE. 
S.  57»  E. 
S.34i°W. 

2.70 

1.29 
2.22 
8.56 
3.23 

2.21 
.15 

1.78 

1.21 
2.98 

1.56 
1.28 
1.86 

2.00 
2.69 

4.14 

4.14 

4.69 

4.69 

The  entire  work  of  the  above  example  is  given  below. 

850        1638  *    1147  34Jo  2480  1688 

57340  40150  4133  2814 

4133  2814 

270.   221.140     154.850  

355.  293.463  199.754 

(26)) ;  ft>r,look  in  the  column  of  bearingrs  for  the  slope  of  the  ground,  i.  e.  the 
tngle  it  makes  with  the  horizon,  find  the  given  distance,  and  the  Latitude  corre- 
sponding will  be  the  desired  horizontal  measurement,  and  the  difierence  between 
it  and  the  Di^Uince  will  be  the  allowance  to  be  made 
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8810       118                994            6610      1656  2602 

226              1987                         1104  1668 

1019               8942                         1666  2502 


129.         14.679  128.212         828.      178.29^         269.882 

'^^^         ^1089  ^677  The  nearest  link  is  taken 

1089  1677        ^  ^^  inserted  in  the  Table, 

and  the  remaining  Decimals 


222.         120.879  186.147        are  neglected. 

In  the  precedmg  example  the  respective  sums  were  found  to  be 
exactly  equal.  This,  howeyer,  will  rarelj  occur  in  an  extensiye 
survey.  If  the  difference  be  great,  it  indicates  some  mistake,  and 
the  survey  must  be  repeated  with  greater  care ;  but  if  the  differ* 
ence  be  small  it  indicates,  not  absolute  errors,  but  only  inaccura- 
cies, unavoidable  in  surveys  with  the  compass,  and  the  survey  may 
be  accepted.  ^ 

How  great  a  difference  in  the  Kims  of  the  columns  may  be 
allowed,  as  not  necessitating  a  new  survey,  is  a  dubious  point. 
Some  surveyors  would  admit  a  difference  of  1  link  for  every  8 
chains  in  the  sum  of  the  courses :  others  only  1  link  for  every  10 
chains.  One  writer  puts  the  limit  at  5  links  for  each  station ; 
another  at  25  links  in  a  survey  of  100  acres.  But  every  practical 
surveyor  soon  learns  how  near  to  an  equality  his  instrument  and 
his  skill  will  enable  him  to  come  in  ordinary  cases,  and  can  there- 
fore establish  a  standard  for  himself,  by  which  he  can  judge  whether 
the  difference,  in  any  survey  of  his  own,  is  probably  the  result  of 
an  error,  or  only  of  his  customary  degree  of  inaccuracy,  two  things 
to  be  very  carefully  distinguished.* 

(288)  AppUcattra  to  sipplylnf  omlsslcis.  Any  two  omis 
sions  in  the  Field-notes  can  be  supplied  by  a  proper  use  of  the 
method  of  Latitudes  and  Departures ;  as  will  be  explained  in  Fart 
Vn,  which  treats  of  "  Obstacles  to  Measurement,"  under  which 
head  this  subject  most  appropriately  belongs.  But  a  knowledge 
of  the  fact  that  any  two  omissions  can  be  supplied,  should  not  lead 

*  A  French  writer  fixet  the  allowable  difference  in  chaining  at  1-400  of  level 
lines    1-200  of  linei  on  moderate  alopea ;  1-100  of  lines  on  steep  slopes. 
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the  Tomig  sunreyor  to  be  negligent  in  maJdng  eveiy  possible  mea- 
surement, since  an  omission  renders  it  necessary  to  assume  all  the 
notes  taken  to  be  correct,  the  means  of  testmg  them  no  longer 
eziating. 


(284)  BalanclBi^  a  Sarreyt  The  subsequent  applications  of 
this  method  require  the  survey  to  be  previously  Balanced.  This 
operation  consists  in  correcting  the  Latitudes  and  Departures  of 
the  courses,  so  that  their  sums  shall  be  equal,  and  thus  ^'  balance." 
This  is  usually  done  by  distributing  the  differences  of  the  sums 
among  the  courses  in  proportion  to  their  length ;  saying,  As  the 
sum  of  the  lengths  of  all  the  courses  Is  to  tiie  whole  difference  of 
the  Latitudes,  So  is  the  length  of  each  course  To  the  correction 
of  its  Latitude.    A  similar  proportion  corrects  the  Departures.* 

It  is  not  often  necessary  to  make  the  exact  proportion,  as  the 
correction  can  usually  be  made,  with  sufficient  accuracy,  by  noting 
how  much  per  chain  it  should  be,  and  correcting  accordingly. 

In  the  example  given  below,  the  difierences  have  purposely  been 
made  considerable.  The  corrected  Latitudes  and  Departures  have 
been  here  inserted  in  four  additional  columns,  but  in  practice  they 
should*  be  written  in  red  ink  over  the  original  Latitudes  and 
Departures,  and  the  latter  crossed  out  with  red  ink. 


•TA. 

BKABIXO. 

DIST. 

LATITUDS8. 

dep'tuebs. 

OORRBOIKD 
LATirUDBS. 

OORBEOTED 
DEPARTURBB. 

N.+ 

8.-1 

E.+ 

W.— 

N.+ 

a— 

E.+ 

W.— 

1 

2 
8 

4 

N.  62^  R 
S.  29^  E. 

a  8irw. 

N.  61^  W. 

10.68 
4.10 
7.69 
7.18 

6.54 
8.46 

8.56 
6.54 

8.88 
2.08 

4.05 
6.24 

6.58 
8.48 

3.55 
6.51 

8.84 
2.01 

4.08 
6.27 

29.55 

10.00 

10.10 

1041 

10.29 

10.06 

10.06 

10.85 

ia85 

The  corrections  are  made  by  the  following  proportions ;  the 
nearest  whole  numbers  being  taken : 


For  the  LatitwU*. 

29.55  :  10.63  ::  10  : 

4 

29.56  :    4.10  ::  10  : 

1 

29.55  :    7.69  ::  10  : 

3 

29.55  :    7.13  : :  10  : 

2 

F«r  the  Departurti, 

29.65  : 

10.63 

::  12 

:  4 

29.55  : 

4.10 

::  13 

:  3 

29.65  : 

7.69 

::  12 

:  8 

29.55  : 

7.13 

::  13 

:  8 

13 

10 

*  A  demonstration  of  this  prinoiple  was  giren  by  Dr.  Bowditcl^  in  Ka  4t  of 
"Thtt  Analyst"  ^o 
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This  role  is  not  always  to  be  strictly  followed.  If  one  line  of  a 
snnrey  has  been  measured  over  very  uneven  and  rou^  ground,  or 
if  its  bearing  has  been  taken  with  an  indistinct  sight,  while  the 
other  lines  have  been  measured  oyer  level  and  clear  ground,  it  is 
probable  that  most  of  the  error  has  occurred  on  that  line,  and  the 
correction  should  be  chiefly  made  on  its  Latitude  and  Departure. 

If  a  slight  change  of  the  bearing  of  a  long  course  will  favor  the 
Balancing,  it  should  be  so  changed,  since  the  compass  is  much 
more  subject  to  error  than  the  chain.  So,  too,  if  shortening  any 
doubtful  line  will  favor  the  Balancing,  it  should  be  done,  since  dis- 
tances are  generally  measured  too  long. 

(288)  Application  to  Platting*  Bule  three  columns ;  one  for 
Stations ;  the  next  for  total  Latitudes ;  and  the  third  for  total  De^ 
partures.  Fill  the  last  two  columns  by  be^nning  at  any  conven* 
ient  station  (the  extreme  East  or  West  is  best)  and  adding  up 
(algebraically)  the  Latitudes  of  the  following  stations,  noticing 
that  the  South  Latitudes  are  subtractive.  Do  the  same  for  the 
Departures,  observing  that  the  Westerly  ones  are  also  subtractive. 

Taking  the  example  given  on  page  176,  Art.  (282),  and  be^n* 
Ding  with  Station  1,  the  following  will  be  the  results : 


»TA. 
1 

TOTAL  LATITUDES 

TOTAL  DEPARTURES 

FROM  STATION  1. 

FRUH  STATIOH   1. 

o.oa 

0.00 

2 

+2.21  N. 

+1.55  B. 

3 

+2.86  N. 

+2.83  E. 

4 

+1.15  N. 

+4.69  B. 

5 

—1.78  S. 

+2.69  B. 

1 

0.00 

0.00 

It  will  be  seen  that  the  work  proves  itself,  by  the  total 
Latitudes  and  Departures  for  Station  1,  again  coming  out  equal 
to  zero. 

To  use  this  table,  draw  a  meridian  through  the  pomt  taken  for 
Station  1,  as  in  the  figure  on  the  following  page.  Set  off,  upward 
from  this,  along  the  meridian,  the  Latitude,  221  links,  to  A,  and 
from  A,  to  the  right  perpendicularly,  set  off  the  Departure,  155 
Imks.*    This  gives  the  pomt  2.     Jom  1....2.     From  1  again,  set 

*  This  is  most  easily  done  with  the  aid  of  a  right-angled  triangle,  sliding  one 
of  the  sides  adjacent  to  the  right  angle  along  the  blade  of  the  square,  to  which 
Ihe  other  side  will  then  be  perpendicular. 
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Fig.  199. 


off,    upward,     286 
finks,  to  B,  and  firom 
B,  to  the  right,  per- 
pendicnlailj,  set  off  -^ 
283  links,  which  wiU 
fix  the  point  3.    Join 
2«...8;  and  so  pro-  c 
ceed,    settbg     off 
Nortli        Latitudes 
along  the  Meridian  v 
upwards,  and  Sonth 
Latiiades    along   it 
downwards ;      East 
Departures  perpen- 
dicularly to  the  right,  1^ 
and   West    Depar-.  11 
tores  perpendicularly  to  the  left. 

The  advantages  of  this  method  are  its  rapidily,  ease  and  aocn* 
racy ;  the  impossibiliiy  of  any  error  in  platting  any  one  course 
afiecting  the  following  points ;  and  the  certamty  of  the  plat  ^^  com- 


ing together,'^ 
aooed." 


if  the  Latitudes  and  Departures  have  been  ^^  Bat 
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CALCVLATIHfi  THE  COHTEST. 

(M6)  Hetkods,  When  a  field  has  been  platted,  bj  what 
ever  method  it  may  have  been  mureyed,  its  content  can  be  obtamed 
from  its  plat  by  dividing  it  np  into  triani^es,  and  measuring  on 
the  plat  their  bases  and  perpendiculars ;  or  by  any  of  the  other 
means  explained  in  Fart  I,  Chapter  lY • 

But  these  are  only  approximate  methods ;  their  degree  of  accuracy 
depending  on  the  largeness  of  scale  of  the  plat,  and  the  skill  of  die 
draftsman.  The  mraluable  method  of  liatitudes  and  Departores 
^yes  another  means,  perfectly  accurate,  and  not  requiring  the 
previous  preparation  of  a  plat.  ,It  is  sometimes  called  the  Bectaih 
gular,  or  the  Pennsylvania,  or  Bittenhouse's,  method  of  calculation.* 

(S87)  DeillttolSf  Imagine  a  Meridian  line  to  pass  throng 
the  extreme  East  or  West  comer  of  a  field.  According  to  the 
definitions  established  in  Chapter  Y,  Art.  (278),  (and  here  reca* 
pitulated  for  convenience  of  reference),  the  perpendicular  distance 
of  each  Station  from  that  Meridian,  is  the  Longitude  of  that  Sta- 
tion ;  additive,  or  phtM^  if  East ;  subtractive,  or  mtntM,  if  West.  * 
The  distance  of  the  middle  of  any  line,  such  as  a  side  of  tiie 
field,  from  the  Meridian,  is  called  the  Longitude  of  that  side.f 
The  difierence  of  the  Longitudes  of  the  two  ends  of  a  line  is  called 
the  Departure  of  that  line.  The  difierence  of  the  Latitudes  of  the 
two  ends  of  a  line  is  called  the  LoOHude  of  the  line. 

*  It  it,  however,  lubstantially  the  same  as  Mr.  Thomas  Biirg^li's  "Method  to 
determine  the  areas  of  right  liued  figures  aniversally/'  pubiiKbed  nearly  a  centuy 
ago. 

t  The  phrase  "  Meridian  Distance,"  is  generally  used  for  what  is  hero  called 
**  Lon^tnde";  bat  the  analogy  of  **  Differences  of  Longitude"  with  "  Differences 
of  Latitude,'*  usually  but  anomalously  united  with  the  word  "  Departure/'  bor* 
rowed  from  Navigation,  seems  to  put  beyond  all  question  the  propriety  of  the 
innoyalion  here  introdaoed. 
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(288)  Ingltaits.  To  ^ye  moro  definitonesB  to  the  derelop 
ment  of  this  sabject,  the  figure  in  the  mar^  will  be  referred  tO| 
and  maj  be  considered  to  represent  any  space  enclosed  by  straight 
lines. 

Let  NS  be  the  Meridian  passing  through  the  exfareme  Westerly 
Station  of  the  field  ABODE.  From  Fig.i93. 

the  middle  and  ends  of  each  side 
draw  perpendiculars  to  the  Meridi- 
an. These  perpendiculars  will  be 
the  Longitudes  and  Departures  of 
the  respectiye  sides.  The  Lon^- 
tude,  FG,  of  the  first  eaurse^  AB, 
Is  evidently  equal  to  half  its  Depar- 
ture HB.  The  Longitude^  JE,  of 
the  second  course,  BC,  is  equal  to 
JL  -h  LM  -f-  ME,  or  equal  to  the 
Longitude  of  the  preceding  Course, 
plus  half  its  Departure,  plus  half 
the  Departure  of  the  course  itself. 
The  Lon^tude,  YZ,  of  some  other 
course,  as  £A,  taken  anywhere,  is 
equal  to  WX  —  VX  —  TJV,  or  equal  to  the  Longitude  of  the  pre* 
ceding  course,  minus  half  its  Departure,  minus  half  the  Departure 
of  the  course  itself,  i.  e.  equal  to  the  Algebrcde  sum  of  these  three 
parts,  remembering  that  Westerly  Departures  are  negative,  and 
therefore  to  be  subtracted  when  the  directions  are  to  make  an 
Algebraic  addition . 

To  avoid  fractions,  it  will  be  better  to  double  each  of  the  preced- 
ing expressions.    We  shall  then  have  a 

GENERAL  RULE  FOR  FINDING  DOUBLE  LONGITUDES. 

The  JDouble  Longitude  of  ihe  first  coubsb  is  equal  to  its  Do- 
pettture* 

•  The  DoMe  Longitude  of  ihe  sscond  ooubsb  is  equal  to  (he 
DyubU  Longitude  of  the  first  eoureSy  plus  the  Departure  of  tha$ 
eaursejplus  iJie  Departure  of  the  second  course. 

The  Double  Longitude  of  the  tstbd  coubsb  is  equal  to  ihe 
Double  Longitude  of  ihe  second  course j  plus  ihe  Departure  of  iha*, 
xnirscj  plus  tJie  Departure  of  the  course  itself. 


las 
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Tis  JDoMe  LtmgOmde  cf  amy  coktm  it  eynol  to  At  IkmtU 
L(mgitude  iff  ike  pneeding  etmncj  fhu  Ae  Ikparture  qf  tktU 
eovrUffibu  ike  Departure  iff  the  eoune  itn{f^ 

The  Double  lAmg^tode  of  the  hut  course  (as  well  as  of  the  fini) 
k  equal  to  its  Departure.  Its  ^^  c<xiiiiig  oat"  ao,  when  obtained 
by  the  above  rule,  proyea  the  aocuracj  of  the  calculatun  of  all  tiie 
preceding  Double  Longitudes. 

(28f )  Areas*  We  will  now  proceed  to  find  the  Area,  or  Con- 
tent of  a  field,  by  means  of  the  *^  Double  llion^tudes"  of  its  ndes, 
which  can  be  readily  obtained  by  the  preceding  rule,  Ttiiateyerfhor 
number. 


(2M)  Beginning  with  a  £&ree-eu20i)ieU,  ABO  in  the  figure,  draw 
a  Meridian  through  A,  and  draw  perpendi-  P>8-  ^^^ 

culars  to  it  as  in  the  last  figure.  It  is 
plain  that  its  content  is  equal  to  the  differ- 
ence of  the  areas  of  the  Trapezoid  DBCE, 
and  of  the  Triangles  ABD  and  ACB. 

The  area  of  the  Triangle  ABD  is  equal 
to  the  product  of  AD  by  half  of  DB,  or  to 
the  product  of  KD  by  FG ;  i.  e.  equal  to 
the  product  of  the  Latitude  of  the  1st  course 
by  its  Lon^tude. 

The  area  of  the  Trapezoid  DBCE  is  equal 
to  the  product  of  D£  by  half  the  sum  of  DB 
and  CE,  or  by  HJ ;  i.  e.  to  the  product  of 
the  Latitude  of  the  2d  course  by  its  Lon^tude. 

The  area  of  the  Triangle  ACE  is  equal  to  the  product  of  AE  by 
half  EC,  or  by  EL ;  i.  e.  to  the  product  of  the  latitude  of  the  3d 
course  by  its  Longitude. 

Calling  the  products  in  which  the  Latitude  was  North,  North 
Products^  and  the  products  in  which  the  Latitude  was  South} 
Siyuih  ProducU,  we  shall  find  the  area  of  the  Trapezoid  to  be  a 
SiyuJth  Producty  and  the  areas  of  the  Trian^es  to  be  Nar(h  Pro- 

*  The  last  course  it  a  *'  precediDg  coarse"  to  the  first  course,  as  will  appear  oa 
remembering  that  these  two  courses  join  each  other  on  the  ground. 
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Jket9.  The  Difference  of  the  North  Products  and  the  South 
Products  is  therefore  the  desired  area  of  the  three-sided  field  ABC« 
Usmg  the  Dorible  Longitades,  (in  order  to  avoid  firactions),  in 
each  of  the  preceding  productB,  their  difference  will  be  the  double 
area  of  the  Triangle  ABO. 


(291)  Taking  now  a  four-sided  fi^ld^  ABCD  in  the  figure,  and 
drawing  a  Meridian  and  Longitudes  as  be-  Fig.  1:5. 

fore,  it  is  seen,  on  inspection,  that  its  area 
would  be  obtained  bj  taking  the  two  Trian- 
gles, ABE,  ADG,  from  the  figure  EBCDGE, 
or  from  the  sum  of  the  two  Trapezoids  EBGF 
and  FCDG. 

The  area  of  the  Triangle  AEB  will  be 
found,  as  in  the  last  article,  to  be  equal  to 
the  product  of  the  Latitude  of  the  1st  course 
bj  its  Longitude.  The  Product  will  be 
North. 

The  area  of  the  Tr|pezoid  EBGF  will  be 
found  to  equal  the  Latitude  of  the  2d  course 
bj  its  Longitude.  The  product  will  be 
South. 

The  area  of  the  Trapezoid  FCDG  will  be  found  to  equal  the 
product  of  the  Latitude  of  the  3d  course  bj  its  Longitude.  The 
product  will  be  South. 

The  area  of  the  Triangle  ADG  will  be  found  to  equal  the  pro- 
duct  of  the  Latitude  of  the  4  th  course  by  its  Longitude.  The  pro- 
duct will  be  North. 

The  difference  of  the  North  and  So}fth  products  will  there^ 
fore  be  the  desired  area  of  the  four-sided  field  ABCD. 

Using  the  Double  Longitude  as  before,  in  each  of  the  preceding 
products,  their  difference  will  be  douile  the  area  of  the  field. 


(292)  Whatever  the  number  or  directions  of  the  sides  of  a  field, 

or  of  any  space  enclosed  by  straight  lines,  its  area  will  always  be 

"equal  to  half  of  the  difference  of  the  North  and  South  Products 
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ttuing  from  multiplyuig  together  the  Latitude  and  Double  Lough 
tode  of  each  course  or  side. 
We  have  therefore  the  following 

OEHEMAL  RULE  FOR  FINDING  AREAS. 

1.  Prepare  ten  columns^  headed  as  in  the  example  hdow^  and 
m  the  first  three  write  the  Stations^  Bearings  and  Distances. 

2.  Find  the  Latitudes  and  Departwes  of  each  course^  hy  the 
Traverse  Table,  as  directed  in  Art,  (281),  placing  them  in  the 
fourfoUamng  colmms. 

8.  Balance  them,  as  in.Art>  (284),  correcting  them  in  red  ink. 

4.  Find  the  Double  Longitudes,  as  in  Art.  (288),  vfith  refer^ 
ence  to  a  Meridian  passing  through  the  extreme  East  or  West 
Station,  and  place  them  in  the  eighth  column, 

5.  MuLUply  the  Double  Longitude  of  each  course  hy  the  car* 
rected  Latitude  of  that  course,  placing  the  North  Products  in  the 
ninth  column,  and  the  South  Products  in  the  tenth  column. 

6.  Add  vp  the  last  two  columns,  subtract  the  smaller  sum  from 
the  larger,  and  divide  the  difference  by  two.  The  quotient  toiU 
be  the  content  desired. 

(293)  To  find  the  most  Easterly  or  Westerly  Station  of  a  stup* 
vej,  without  a  plat,  it  is  best  to  make  a  rough  hand-sketch  of  the 
surv^ey,  drawing  ttie  Imes  in  an  approximation  to  their  true  direc- 
tions, by  drawing  a  North  ani  South,  and  East  and  West  lines, 
and  co&didering  the  Bearings  as  fractional  parts  of  a  right  angle, 
or  90^ ;  a  course  N.  45^  E.  for  example,  being  drawn  about  half 
wskj  between  a  North  and  an  East  direction ;  a  course  N«  28"  W. 
being  not  quite  one-third  of  the  way  around  from  North  to  West ; 
and  so  on,  drawing  them  (jf  approximately  true  proportional  lengths. 

(291)  Example  1,  given  below,  refers  to  the  five-sided  field,  of 
which  a  plat  is  given  m  Ilg.  175,  page  151,  and  the  Latitudes  and 
Departures  of  which  were  calculated  in  Art.  (282),  page  175. 
Station  1  is  the  most  Westerly  Station,  and  the  Meridian  will  be 
lapposed  to  pass  through  it.    The  Double  Longitudes  are  best 
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found  by  a  contmnal  addition  and  subtraction, 
aa  in  the  margin,  where  they  are  marked  D.  L. 
The  Double  Longitude  of  the  last  course  comes 
out  equal  to  its  Departure,  thus  proving  the 
work. 

The  Double  Longitudes  being  thus  obtained, 
are  multiplied  by  the  corresponding  Latitudes, 
and  the  content  of  the  field  obtained  as  directed 
in  the  General  Rule. 

lliis  example  may  serve  as  a  pattern  for  the 
most  compact  manner  of  arran^g  the  work. 


•TA. 

1 

2 
3 
4 
5 

+  1.55  D.  L. 
-h  1.55 
+  1.28    . 

-1-  4.38  D.  L. 
+  1.28 
+  1.86 

4-  7.52  D.  L. 
4-  1.86 
—  2.00 

+  7.38  D.  L. 

—  2.00 

—  2.«9 

4-  2.69  D.  L' 

STATION. 

BKABXNOS. 

TAN018. 

LATITUDKS 

nKF'TURKS 

DOUBLE 
LUNQlTUDBfl. 

DUOBI.K  AKKAS.] 

N.4. 

8.— 

B.+ 

W.— 

N.+ 

wS.— 

1 

N.  35<»    B. 

2.70 

2.21 

l.bo 

--  1.55 

-  -  4.38 

3.4205 

9 

N.  83.io  B. 

1.29 

.15 

1.28 

0.6570 

3 

8.  57«  B. 

2.22 

1.21 

1.86 

-  -  7.52 

9.0992 

4 

S.  3410  W. 
.V.  .'iSi**  W. 

3.55 

2.93 

2.00 

.  -  7.38 

21.6234 

5 

3.23 

1.78 

2.69 

4-  2.69 

4.7882 

4.14 

4.14 

4.69 

4.69 

8.87U7 

iU.7226 

8.8707 

Cantmt =1A.  OR.  15P. 


(2K)  The  Meridian  might  equally  well  have 
been  supposed  to  pass  through  the  most  Easterly 
statioi:,  4  in  the  figure.  The  Double  Longitudes 
could  then  have  been  calculated  as  in  the  mar- 
gai.  They  will  of  course  be  all  West,  or  minus. 
The  products  being  then  calculated,  the  sum  of 
the  Korth  products  will  be  found  to  be  29.9625, 
and  of  the  South  products  8.1106,  and  their 
diiference  to  be  21.8519,  the  same  result  as  be- 
fore. 


2)21.8519 
Squftre  Chainii,  10.9259 


STA. 

4 

—  2.00  D.  L. 

—  2.00 

5 

—  2.09 

—  6.69  D.  L. 

—  2.69 

1 

4-  1  55 

—  7.83  D.  L. 

-#-  1.55 

+  1.28 

2 

—  5.00  D.  L. 

4-  1.28 

3 

+  1.86 

—  1.86 

(296)  A  number  of  examples,  with  and  without  answers,  will 
now  be  given  as  exercises  for  the  student,  who  jshould  plat  them 
by  some  of  the  methods  given  in  the  preceding  chapter,  using  each 
of  them  at  least  once.  He  should  then  calculate  their  content  by 
the  method  just  given,  and  eJieck  it,  by  also  calculating  the  area  of 
the  plat  by  some  of  the  Geometrical  or  Instrumental  methods  given 
in  Part  I,  Chapter  lY ;  for  no  smgle  calculation  is  ever  reliable* 
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All  the  examples  (except  the  last)  are  from  the  author's  actual 
surveys. 


Fig.  196. 


Example  2,  pven  below,  is 
also  fully  worked  out,  as  anoth- 
er pattern  for  the  student,  who 
need  have  no  difficulty  with  any 
possible  case  if  he  strictly  fol- 
lows the  directions  which  have 
been  given.  The  plat  is  on  a 
scale  of  2  chains  to  1  inch, 
(=1:1584). 


STATION. 

BEARINGS. 

DIS- 
TANCES. 

LATITUDES. 

dep'turks 

DOUBLE 
LONGITUDES. 

DOUBLE  AREAS. 

N.  +  8.— 

B.H- 

W.— 

N.+ 

S.— 

1 

N.  12i»  B. 

2.81 

2.75 

.60 

+  6.56 

+  4.05 

18.040U 

2 

N.  76«    W. 

3.20 

.77 

3.11 

3.1185 

3 

S.  244<»  W. 
S.  48*    E. 

1.14 

1.04 

.47 

+    .47 

.4888 

4 

1..53 

1.02 

1.14 

+  1.14 

1.1628 

5 

S.  124<»  B. 

1.12 

1.09 

.24 

+  2.52 

2.7468 

6 

8.77«    B. 

1.64 

.37 

1.60 

..  4.36 

1.6192 

3.52  1 

3.52 

3.58 

3.58 

21.1585 
6.0116 

6.01M 

Content =0 A.  3R.  IP. 


Example  3. 


8TA. 

BEABINO. 

DISTANCE. 

1 

2 
3 
4 

N.52'   E. 
S.  29r  E. 
S.  81i°  W. 
N.6r  W. 

10.64 
4.09 
7.68 
7.24 

2)15.1469 
Square  Ofaains,   7.5734 

Example  4. 


STA. 

BEABrae. 

DISTANCR. 

1 

2 
8 
4 

S.  210W. 
N.  83i»E. 
N.  12*  B. 

N.47'W. 

12.41 
6.86 
8.25 
4.24 

Am.    4A.  8R.  28P. 
Example  5. 


Am.    4A.  2R.  37P. 
Example  6. 


STA. 

BEARINQ. 

DISTANCE. 

1 

2 
3 
4 
6 

N.34i»E. 

N.85*  B. 
S.  56|°  E. 
S.  84i»  W. 
N.  66i»  W. 

2.73 
1.28 
2.20 
3.53 
3.20 

Am.    1A.  or.  14P. 


STA. 

BBARINO. 

DISTANCE. 

1 

N.  36'    E. 

6.49 

2 

S.  66r  E. 
S.  34*  W. 

14.16 

3 

6.10 

4 

N.  66»    W. 

6.84 

5 

S.  29i°  W. 

2.62 

6 

N.  48i»  W. 

8Y8 

"■] 
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test.. 

BBABIKe. 

DISTANOK. 

1 
2 
8 
4 
5 
6 
7 
8 

S.  21i»  W. 

S.84°  W. 
N.  66°  W. 
N.  34«    E. 
N.  67»    E. 
N.28»    E. 
N.  18i»  E. 
S.  76i'  E. 

17.62 

10.00 
14.15 
9.76 
2.30 
7.08 
4.48 
12.41 

Example  9. 

8IA. 

BBARINO. 

DISTANCB. 

1 

2 
8 
4 
6 
6 
7 
8 
9 

S.  57"    E. 
S.  86J«  W. 
S.  89l»  W. 
S.  70i°  W. 
N.  681°  W. 
N.  66*   W. 
N.  881"  E. 
N.  56*'  W. 
N.  38J»  E. 

6.77 

2.25 
1.00 
1.04 
1.23 
2.19 
1.05 
1.54 
8.18 

Am.    2A.  or.  82P. 


Example '. 

11. 

SIA. 

1 

BBARINQ. 

DISTANCE. 

N.  18|'  E. 

1.93 

2 

N.  9»      W. 

1.29 

3 

N.  14°    W. 

2.71 

4 

N.  74°    E. 

0.95 

5 

S.  481°  E. 

1.69 

6 

S  l4i°E. 

1.14 

7 

S  19i»E. 

2.15 

8 

S.  23i°  W. 

1.22 

9 

S.  5°     W. 

1.40 

10 

S.  80°    W. 

1.02 

11 

S.  81i°  W. 

0.69 

12 

N.  32i°  W. 

1.98 

Example  8. 

STA. 

BBAIUNO. 

DISTANCB. 

1 

S.  66i°  E. 
S.  68^  E. 

4.98 

2 

8.66 

8 

S.  14i°  W. 

20.69 

4 

S.47°    W. 

0.60 

6 

S.  67i°  W. 
N.  66*  W. 

8.98 

6 

12.90 

7 

N.  84°    E. 

10.00 

8 

N.  214  E. 

17.62 

Example 

10. 

STA. 

BEARINa. 

DISTANCB. 

1 

N.  63°  51'  W. 

6.91 

2 

N.  68°  44'  W. 

7.26 

8 

N.  69°  86'  W. 

8.84 

4 

N.  77°  60'  W. 

6.54 

6 

N.  81°  24'  E. 

14.38 

6 

N.  81°  18'  E. 

16.81 

7 

S.  68°  55'  E. 

18.64 

8 

S.  68°  42'  E. 

11.54 

9 

S.  88°  45'  W. 

81.55 

Am.     74  Acres. 


Example 

12. 

STA. 

BEABINQ. 

DISTANCE. 

1 

N.  72|°  E. 

0.88 

2 

S.  20;°  E. 

0.22 

8 

S.  63°    E. 

0.76 

4 

N.  51°    E. 

2.35 

6 

N.  44° -  E. 

1.10 

6 

N.  25*°  W. 
N.  81^   W. 
S.  29°    W. 

1.96 

1 

1.05 

8 

1,63 

9 

N.  71i°  W. 

0.81 

10 

N.  13l°  W. 
N.  63^  W. 

1.17 

11 

1.28 

12 

West. 

1.68 

13 

N.49°    W. 

0.80 

14 

S.19i   E. 

6.20 
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18.  A  fSGum  is  described  in  an  old  Deed,  as  bounded 
ihns.  Be j^nning  at  a  pile  of  stones^  and  ronning  thence  twentj- 
seyen  chuns  and  serentj  links  South-Easterij  siztjHUz  and  a  hiJf 
degrees  to  a  white-oak  stump ;  thence  eleven  cludns  and  dxteen 
links  North-Easterlj  twen-  Fig.  197. 

ty  and  a  half  degrees  to  a 
hickory  tree ;  thence  two 
chains  and  thirtj-fire  links 
North-Easterlj  thirtj-six 
degrees  to  the  South-East- 
erly  comer  of  the  home- 
stead ;  thence  nineteen 
chains  and  thirty-two  links 
North-Easterly  twentynsix 
degrees  to  a  stone  set  in 
the  ground;  thence  twenty- 
eight  chains  and  eighty  links 
North-Westerly  sixty-six 
degrees  to  a  pine  stump; 
thence  thirty-three  chains  and  nineteen  links  South-Westerly 
twenty-two  degrees  to  the  place  of  bc^nning,  containing  ninety-two 
acres,  be  the  same  more  or  less.     Reqmred  the  exact  content. 

(2»7)  IHascheroni's  Tbeorem.  The  miff  ace  of  any  polygon 
is  equal  to  half  the  sum  of  the  products  qf  its  sides  (omitting  emy 
one  side)  taken  two  and  two,  into  the  sines  of  the  angles  wUch 
those  sides  make  tvith  each  other. 


Thus,  take  any  polygon,  such  as  the  five- 
sided  one  in  the  figure.  Express  the  angle  which 
the  directions  of  any  two  sides,  as  AB,  CD,  make 
with  each  other,  thus  (ABaCD).  Then  will 
the  content  of  that  polygon  be,  as  below ; 


\>J. 


=  J  [AB  .  BO  .  Bin  (AB  A  BC)  +  AB  .  CD  .  sin  (AB  A  CD) 
+  AB  .  DE  .  Bin  (AB  A  DE)  +  BC  .  CD  .  ain  (BC  A  CD) 
+  BC  .  DE  .  rin  (BO  A  DE)  +  CD  .  DE  .  Bin  (CD  A  I>E)] 
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The  demonstratioii  conskiB  merely  in  diiridiiig  die  polygon  into 
triangles  by  lines  drawn^m  any  angle,  (as  A)  ;  then  expressing 
die  area  of  each  triangle  by  half  the  product  of  its  base  and  the 
perpendicular  let  fall  upon  it  from  Ihe  above  named  angle ;  and 
finally  separating  the  perpendicular  into  parts  which  can  each  be 
expressed  by  the  product  of  some  one  side  into  the  sine  of  like 
angle  made  by  it  with  another  side.  The  sum  of  these  trianglei 
equals  the  polygon.  * 

The  expressions  are  simplified  by  dividing  the  proposed  polygon 
mto  two  parts  by  a  diagonal,  and  computbg  the  area  of  eacli  part 
separately,  maJdng  the  diagonal  the  side  omitted/ 


^^/ V"  CHAPTER  VEL 

THE  TARIATION  OF  THE  HAfiNETIC  NEEDLE. 

(SM)  DeiBlttoBS.     The  Magnede  Meridian  is  the  |^S-  i^ 
direction  indicated  by  the  Magnetic  Needle.    The  Trvs  ^ 
Mmdicm  is  a  true  North  and  South  line,  which,  if  pro> 
duced,  would  pass  through  the  poles  of  the  earth.    The 
Fono^on,  or  Declination^  of  the  needle  is  the  angle 
which  one  of  these  lines  makes  with  the  other.f 

In  the  figure,  if  NS  represent  the  direction  of  the  True 
Meridian,  and  N'S'  the  direction  of  the  Magnetic  Meri- 
dian at  any  place,  then  is  the  angle  NAN'  the  Variation 
iff  ih&  IfeecUe  at  that  place. 

(2M)  Directiaii  of  SeeAei  The  directions  of  these  two  meri- 
dians do  not  generally  comcide,  but  the  needle  in  most  places 
p<nntB  to  the  East  or  to  the  West  of  the  true  North,  more  or  less 

*  The  original  Theorem  is  nraally^  accredited  to  Lhnillier,  of  Geneva,  who  pnb- 
liibed  it  in  1789.  But  Mascheroni,  the  ingeoioaa  anthor  of  the  "  GeometiV  of 
the  ConipaMes,"  had  published  it  at  Pavia,  two  years  previoa«ly.  The  metaod 
is  well  developed  Id  Prof.  Whitlock's  "  Elements  of  Geometry.'' 

t  "  Declination"  is  the  more  oorrect  term,  and  '*  Variation'*  should  lio  reserved 
for  the  Aangre  in  the  Declination  which  will  be  considered  in  the  next  chapter; 
b«i  custom  has  established  the  ose  of  Variation  in  the  sense  of  Declination. 
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•ccQidiag  to  tiie  loeality.  OlmmAm  of  die  amoimt  and  the 
direction  of  this  Yariatioii  haye  been  made  in  neail j  all  parts  ai  tibe 
worid.  In  the  United  States  tiie  Yariation  in  the  Eastern  States 
is  Westerly,  and  in  ike  Western  States  is  Easterly,  as  wOl  be 
pven  in  detail,  after  the  methods  for  determining  the  Trae  Meiip 
dian,  and  conseqnentlj  the  Yariation,  at  anj  place,  have  been 
explained. 

TO  DETERMINE  THE  TRUE  MERIDIAN. 

(IM)  By  e^ial  shadows  of  the  So.  On  the  Sontii  side  of 
any  level  surface,  erect  an  up- 
right staff,  shown,  in  horizon- 
tal projection,  at  S«  Two  or 
three  hours  before  noon,  mark 
the  extremity,  A,  of  its  shadow. 
Describe  an  arc  of  a  circle  with 
8,  the  foot  of  the  staff,  for  cen- 
tre, and  SA,  the  distance  to 
the  extremity  of  the  shadow,  for  radius.  About  as  many  hours 
after  noon  as  it  had  been  before  noon  when  the  first  mark  was 
made,  watch  for  the  moment  when  the  end  of  the  shadow  tonohes 
the  arc  at  another  point,  B.  Bisect  the  arc  AB  at  N.  Draw  SN, 
and  it  will  be  the  true  meridian,  or  North  and  South  line  required. 

For  greater  accuracy,  describe  several  arcs  before  hand,  mark 
the  points  in  which  each  of  them  is  touched  by  the  shadow,  bisect 
each,  and  adopt  the  average  of  aQ.  The  shadow  will  be  better 
defined,  if  a  piece  of  tin  with  a  hole  through  it  be  placed  at  the  top 
of  the  staff,  as  a  bright  spot  will  thus  be  substituted  for  the  less 
definite  shadow.  Nor  need  the  staff  be  vertical,  if  from  its  summit 
a  plumb-line  be  dropped  to  the  ground,  and  the  point  which  this 
strikes  be  adopted  as  the  centre  of  the  arcs. 

This  method  is  a  very  good  approximation,  though  per^tly 
correct  only  at  the  time  of  the  solstices ;  about  June  21st  and 
December  22d.  It  was  employed  by  the  Romans  in  Uying  out 
cities. 

To  get  the  Yariation,  set  the  compass  at^  one  end  of  the  True 
Meridian  line  thus  obtained,  sight  to  the  other  end  of  it,  and  take 
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the  Bearing  as  of  anj  ordinary  line.    The  number  of  degrees  in 
&e  reading  will  be  the  desired  variation  of  the  needle. 


(Ml)  By  tkt  Nortk  Star,  wkei  in  the  Meriilai.  The  Nortii 
Star,  or  Pole  Star,  (called  by  astronomers  Alpha  UrscB  Mniaruj 
or  Polaris)^  is  not  situated  predsely  at  the  North  Pole  of  the 
heavens.  If  it  were,  the  Meridian  could  be  at  once  determined  by 
sighting  to  it,  or  placing  the  eye  at  some  distance  behind  a  plxmib- 
line  so  that  this  line  should  hijie  the  star.  But  the  North  Star  is 
about  Ijo  from  the  Pole.  Twice  in  24  hours,  however,  (more 
precisely  23h.  56m.),  it  is  in  the  Meri- 
dian, being  then  exactly  above  or  below 
the  Pole,  as  at  A  and  G  in  the  figure.  To 
know  when  it  is  so,  is  rendered  easy  by  the 
aid  of  another  star,  easily  identified,  which 
at  these  times  is  almost  exactly  above  or 
below  the  North  Star,  i.  e.  situated  in. the 
same  vertical  plane.  If  then  we  watch  for 
the  moment  at  which  a  suspended  plumb- 
Ime  will  cover  both  these  stars,  they  will  then  be  in  the  Meridian. 

The  other  star  is  in  the  well  known  constellation  of  the  Great 
Bear,  called  also  the  Plough,  or  the  Dipper,  or  Charles's  Wain. 


Fig.  202. 


'Fig.  203. 


I 

it 


*? 


Two  of  its  five  bnght  stars  (the  right-hand  ones  in  "Fig.  202)  are 
known  aa  the  ^'  Pointers,"  from  their  pointing  near  to  the  North 
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Star,  HxQB  assisting  in  finding  it  The  star  in  the  tail  or  handle, 
nearest  to  the  four  which  form  a  quadrilateral,  is  the  star  which 
comes  to  the  Meridian  at  the  same  time  with  the  North  Star, 
twice  in  24  hours,  as  ui  Hg.  202  or  208.  It  is  known  as  AUothy 
or  JSprilon  VrscB  Mofforis,* 

To  determine  the  Meridian  bj  this  method,  suspend  a  long 
plumb-line  from  some  eleyated  point,  such  as  a  stick  prqjectang 
from  the  highest  window  of  a  house  suitably  situated.  The  plumb- 
bob  may  pass  into  a  pail  of  water  to  lessen  its  vibrations.  Soudi 
of  this  set  up  the  compass,  at  such  a  distance  from  the  plumb-line 
that  neither  of  the  stars  will  be  seen  abore  its  highest  point,  i.  e. 
in  Latitudes  of  40^  or  50^notquiteasfarfrom  the  plumb-line  as  it  is 
long.  Or,  instead  of  a  compass,  place  a  board  <m  two  stakes,  so 
as  to  form  a  sort  of  bench,  running  East  and  West,  and  on  it  place 
one  of  the  compass-sights,  or  anything  having  a  small  hole  in  it  to 
look  through.  As  the  time  approaches  for  the  North  Star  to  be 
on  the  Meridian  (as  taken  from  the  table  given  below)  place  the 
compass,  or  the  sight,  so  that,  looking  through  it,  the  plumb-line 
shall  seem  to  cover  or  hide  the  North  Star.  As  the  star  moves 
one  way,  move  the  eye  and  sight  the  other  way,  so  as  to  constantly 
keep  the  star  behind  the  plumb-line.  At  last  Afiothy  too,  will  be 
covered  by  the  plumb-line.  At  that  moment  the  eye  and  the 
plumb-line  are  (approximately)  in  the  Meridian.  Fasten  down  the 
sight  on  the  board  till  morning,  or  with  the  compass  take  the  bear- 
mg  at  once,  and  the  reading  is  the  variation.f 

Instead  of  one  plumb-line  and  a  sight,  two  plumb-lines  may  be 
suspended  at  the  end  of  a  horizontal  rod,  turning  on  the  top  of  a 
pole. 

The  line  thus  obtained  points  to  the  East  of  the  true  line  when 
the  North  Star  is  above  Aiioth,  and  vice  versa.  The  North 
Star  is  exactly  in  the  Meridian  about  17  minutes  after  it  has  been 
in  the  same  vertical  plane  with  Aiioth,  and  may  be  sighted  to  after 
that  interval  of  time,  with  perfect  accuracy. 

•  •  The  North  Pole  is  very  nearly  at  the  intersection  of  the  line  from  Polaria  to 
Aiioth,  and  a  perpendicular  to  this  line  from  the  small  star  seen  t'l  the  left  of  it  in 
Fig.  202. 

t  If  a  Transit  or  Theodolite  be  used,  the  cross-hairs  mast  be  illaminated  by 
throwing  the  light  of  a  lamp  into  the  telescope  by  iu  reflection  from  white  paper. 
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Anoiber  bright  star,  which  is  on  the  opporiie  ade  of  the  Pole, 
and  is  known  to  astronomers  as  Q-amma  OMmpeicB^  also  comes  on 
the  Meridian  nearly  at  the  same  time  as  the  North  Star,  and  will 
thus  asfflst  in  determining  its  direction. 


(MS)  The  time  at  wMoh  the  North  Star  passes  the  Meridian 
abore  the  Pole,  for  eyery  10th  daj  in  the  year,  is  given  in  the  fot 
lowing  Table,  in  common  clock  time.*  The  upper  transit  is  the 
most  convenient,  since  at  the  other  transit  Moth  is  too  high  to  be 
ccmveniently  observed. 


1 

MOITTH. 

iBt  DAT. 

11th  DAT. 

2l8t  DAT. 

H.     M. 

H.     M. 

H.     ][. 

1 

January, 

February, 

March, 

6  21  p.  M. 
4  18  p.  M. 
2  28  p.  H. 

5  41  p.  M. 
8  39  p.  H. 
1  49  p.  M. 

6  02  p.  M. 
8  00  p.  M. 
1  09  p.  M. 

oo 

April, 

0  26  p.  M. 

11  47  A.  M. 

11  08  A.  M. 

1, 

May, 

10  28  A.  M. 

9  49  A.  M. 

9  10  A.  u. 

1 

June, 

8  27  A.  M. 

7  48  A.  M. 

7  08  A.  H. 

1 

July, 
Axigust, 
September, 
October, 

6  29  A.  M. 
4  28  A.  H. 
2  26  A.  H. 
0  28  A.  H. 

5  60  A.  M. 
8  49  A.  M. 

1  47  A.  H. 

11  45  p.  M. 

6   11  A.  M. 

8  09  A.  u. 

1  07  A.  u. 

11  06  p.  H. 

1 

November, 

10  22  p.  H. 

.9  48  p.  M. 

9  04  p.  K. 

December, 

8  24  p.  H. 

7  46  p.  M. 

7  06  p.  M. 

*  To  calculate  the  time  of  the  North  Star  pasting  the  Meridian  at  its  apper  ca^ 
mination :  Find  in  the  "  American  Almanac,"  (Bofton),  or  the  '<  Astronomical 
Bphemeris/'  (Washington),  or  the  '<  Nautical  Almanac/'  (London),  or  by  interpo- 
lation from  the  data  at  die  end  of  this  note,  the  right  ascension  of  the  star,  and  from 
it  (increased  by  twenty-fomr  honn  if  necessary  to  render  the  subtraction  possible) 
subtract  the  Right  ascension  of  the  Sun  at  mean  noon,  or  the  sidereal  time  at 
mean  noon,  for  the  giyen  day,  as  found  in  the  **  Bphemeris  of  the  Sun,'*  in  the 
same  Almanacs.  From  the  remainder  subtract  the  acceleration  of  sidereal  oa 
mean  time  correqKmdiuff  to  Uiia  remainder,  (3m.  56s.  for  24  hours),  and  the  new 
remainder  i«  the  require  mean  solar  time  of  the  upper  passaee  of  the  star  acrasa 
the  Meridian,  in  *'A«tronomioal"  reckoning,  the  astronomical  day  beginning  at 
noon  ctf  the  common  civil  day  of  the  same  date. 

The  right  ascension  of  the  North  Star  for  Jan.  1, 1850,  is  Ih.  05m.  01.4s. ;  for 
IttO,  IhT  08m.  02.8s.;  for  1870,  Ih.  11m.  16.9s.:  for  1880,  Ih.  14m.  45.1s.;  for 
1890,  lb.  18m.  29.28. ;  for  1900,  Ih.  22m.  31s. 

18 
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To  find  the  time  of  the  star's  passage  of  the  Meridian  for  oiher 
days  than  those  given  in  the  Table,  take  from  it  the  time  for  tiie 
daj  most  nearly  preceding  that  desired,  and  subtract  from  this 
time  4  nmmtes  for  each  daj  from  the  date  of  the  daj  in  the  Table 
to  that  of  the  desired  daj ;  or,  more  accurately,  interpoUte,  by 
saying :  As  the  number  of  days  between  those  given  in  the  Table 
i$  totiiQ  number  of  days  from  the  next  preceding  day  in  the  Table 
to  the  desired  day,  io  is  the  difference  between  the  times  ^ven  in 
the  Table  for  the  days  next  preceding  and  following  the  desired 
day  to  the  time  to  be  subtracted  from  that  of  the  next  preceding 
day.  The  first  term  of  the  preceding  proportion  is  always  ten, 
except  at  the  end  of  months  having  more  or  less  than  30  days. 
For  example,  let  the  time  of  the  North  Star's  passing  the  Meridian 
on  July  26th  be  required.  From  July  21st  to  August  Ist  bemg 
11  days,  we  have  this  proportion :  11  days  :  5  days  : :  43  minutes : 
19x^  minutes.  Taking  this  from  6h.  11m.  A.  M.,  we  get  4h. 
Slj^m.  A.  M.  for  the  time  of  passage  required. 

The  North  Star  passes  the  Meridian  later  every  year.  In 
1860,  it  will  pass  the  Meridian  about  two  minutes  later  than  in 
1854 ;  in  1870,  five  minutes,  m  1880,  eight  minutes,  in  1890, 
twelve  mmutes,  and  in  1900,  sixteen  minutes,  later  than  in  1854: 
the  year  for  which  the  preceding  table  has  been  calculated. 

Ihe  times  at  which  the  North  Star  passes  the  Meridian  below 
the  Pole,  in  its  lower  Transit,  can  be  found  by  adding  llh.  68m. 
to  the  time  of  the  upper  Transit,  or  by  subtracting  that  interval 
from  it.* 

\80S)  By  the  North  Star  at  Us  extreme  elongratton.  When 
the  North  Star  is  at  its  greatest  apparent  angular  distance  East  or 
West  of  the  Pole,  as  at  B  or  D  in  Fig.  201,  it  is  said  to  be  at  its 
extreme  Eastern,  or  extreme  Western,  Elongation.  If  it  be  observed 
at  either  of  these  times,  the  direction  of  the  Meridian  can  be  eaoly 

*  The  North  Star,  which  ia  now  aboat  !•  28^  from  the  Pole,  wat  12^  distant 
from  it  when  ita  place  was  first  recorded.  Its  distance  is  now  diminishing  at  the 
rate  of  aboat  a  third  of  a  minute  in  a  year,  and  will  continue  to  do  so  till  it  ap- 
uroaches  to  within  half  a  degree,  when  it  will  again  recede.  The  brightest  star 
m  the  Northern  hemisphere,  AljAa  Lyra,  will  m  the  Pole  Star  in  aboat  12,000 
Tears,  being  then  within  about  5*  of  the  Pole,  though  now  more  than  51^  distant 
bom  it 
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obtained  from  the  observation.  The  great  advantage  of  this  method 
over  the  preceding  is  that  then  the  star's  motion  apparently  ceases 
for  a  short  time. 


(804)  The  following  Table  ^ves  &e 

UMBS  OF  EXTREME  ELONGATIONS  OF  THE  NORTH  STAR.* 


HOHTH. 


1st  Day. 


EASTERN. 


WESTERN. 


11th  Day. 


EASTERN. 


WESTERN. 


21sT  Day. 


EASTERN. 


WESTERN. 


H.   M. 

027  p.m. 
1024  a.m. 
884  a.m. 
6  32a.m. 
434  a.m. 
233  a.m. 
035  a.m. 


Jan'y, 

Feb'y, 

March, 

A.pril, 

May, 

June, 

July, 

August,  10  30  P.M 

8  28  p.m. 

630  p.m. 


SeptV, 

OctV, 

NoVr,  428  p.m. 

DecV,  I  230  p.m. 


H.  M. 

019  a.m. 
1013  p.m. 

822  p.m. 

620  p.m. 

422  p.m. 

221p.m. 

0  23  p.m. 
1022A.15I. 

8  20  a.m. 

6  22  a.m. 

421a.m. 

222  a.m. 


H.   M. 

1147  a.m. 
945  a.m. 
75i5A.M. 
553  a.m. 
355  a.m. 

153A.M, 

1152  p.m. 
9  51  P.M. 
749P.M, 
5  51  P.M. 
349  p.m. 

1 51  P.M. 


H.   M. 

1135  p.m. 
933  p.m. 
743P.M, 
541p.m. 
343  p.m. 

142  p.m. 
1144  a.m. 

943  a.m. 

741A.M, 

543  a.m. 
341a.m. 

143  a.m. 


H.  M. 

1108  a.m. 

906  a.m. 

715  a.m. 

514  a.m. 

316  a.m. 

114  a.m. 
1113  p.m. 

911p.m. 

709  p.m. 

512  p.m. 

310  p.m. 

112  p.m. 


H.   M. 

1056  p.m. 

854  p.m. 

•^  04  p.m. 

5  02  p.m. 

304  p.m. 

102  p.m. 
1105  a.m. 

903  a.m. 

701a.m. 

504  a.m. 

302  a.m. 

104a^ 


The  Eastern  Elongations  &om  Oct Aer  to  March,  and  the  West- 
em  Elongations  from  April  to  September,  occurring  in  the  day 
time,  they  will  generally  not  be  visible  except  with  the  ud  of  a 
powerful  telescope. 

*  To  calcalate  the  times  of  the  greatest  elongation  of  the  North  Star :  Find  in 
one  of  the  Almanacs  before  referred  to,  or  from  the  data  below,  its  Polar  dis* 
tance  at  the  given  time.  Add  the  logarithm  of  its  tangent  to  the  logarithm  of  the 
tangent  of  the  Latitude  of  the  place,  and  the  sum  will  be  the  logarithm  of  the 
oosme  of  the  Huar  angle  before  or  afWr  the  culmination.  Reduce  the  space  to 
time;  correct  fur  sidereal  acceleration  (3m.  568.  for  24  hours^  and  subtract  the 
rasnlt  from  the  time  of  the  star's  passing  the  meridian  on  that  aay,  to  get  the  time 
of  the  Eastern  elongation,  or  add  it  to  get  the  Western. 

The  Polar  distance  of  the  North  Star,  for  Jan.  1,  ia50,  is  V  SO'  25";  for  1860, 
!•  26*  12".7;  for  1870,  !•  23'>  01";  for  1880,  1*  12  50".4;  for  1890,  I**  16'  4a".7| 
for  1900, 1'  ly  32^.2. 
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The  preceding  Table  was  calculated  for  Latitude  40"^.  The 
Time  at  which  the  Mongations  occur  vary  slightly  for  other  Lati- 
tudes. In  Latitude  50°,  the  Eastern  Elongations  occur  about  2 
minutes  later  and  the  Western  Elongations  about  2  minutes  earlier 
than  the  times  in  the  Table.  Jn  Latitude  26^,  precisely  tiie 
reverse  takes  place. 

The  Times  of  Elongation  are  continually,  though  slowly,  Becom- 
ing later.  The  preceding  Table  was  calculated  for  July  1st,  1854. 
Li  1860,  the  times  will  be  nearly  2  minutes  later;  and  in  1900, 
the  Eastern  Elongations  will  be  about  15  minutes,'aQd  the  Western 
Elongations  17  minutes  later  than  in  1854. 

(805)  OlMseryattons.  Knowing  &om  the  preceding  Table  the 
hour  and  minute  of  the  extreme  Elongation  on  any  day,  a  littie 
before  that  time  suspend  a  plumb-line,  precisely  as  in  Art.  (Ml), 
and  place  yourself  south  of  it  as  there  directed.  As  the  North 
Star  moves  one  way,  move  your  eye  the  other,  so  that  the  plumb- 
line  shall  continually  seem  to  cover  the  star.  At  last  the  star  will 
appear  to  stop  moving  for  a  time,  and  then  be^  to  move  back- 
wards. Fix  the  sight  on  the  board  (or  the  compass,  &c.)  in  the 
position  in  which  it  was  when  the  star  ceased  moving ;  for  the  star 
was  then  at  its  extreme  apparent  Elongation,  East  or  West,  as  the 
case  may  be. 

(306)  Azimiitlis*  The  angle  which  the  line  from  the  eye  to  the 
plumb-line,  makes  with  the  True  Meridian  (i.  e.  the  aagle  between 
the  meridian  plane  aad  the  vertical  plane  passing  through  the  eye 
and  the  star)  is  called  the  Azinmih  of  the  Star.  It  is  given  in  the 
following  Table  for  different  Latitudes,  and  for  a  number  of  years  to 
come.  For  the  intermediate  Latitudes,  it  can  be  obtained  by  a 
simple  proportion,  similar  to  that  explained  in  detail  in  Art.  (302)/ 

*  To  calculate  this  Azimuth  :  From  the  logarithm  of  the  sine  of  the  Polar  dii 
tance  of  the  star,  subtract  the  logarithm  of  the  cosine  of  the  Latitude  of  the  place  | 
the  remainder  vfili  be  the  loganthm  of  the  sine  of  the  angle  required.  Tiie  Po^ 
Ur  distance  can  be  obtained  as  directed  in  the  last  note. 


oBir.  Tn.]      Tulatfoi  of  the  MafMtle  Ne«ilc. 


197 


AZIMUTHS  or  THE  KORTH  STiOt. 

LuJtode*. 

1854  1855 

1856 

1857 

1858 

1869 

1860 

1870 

60O 

2oi6|' 

20  16i' 

20 16' 

20 154' 

20 15' 

2=144' 

20 144' 

20  094' 

49= 

20  14' 

20 13i' 

20 134' 

20 128' 

20  121' 

20 12' 

20114' 

20  O64' 

480 

20  Hi' 

20  11' 

20104' 

20 104' 

20  09|' 

20  094' 

20  09' 

20  04' 

470 

20  09' 

20  08i' 

20  08' 

20  07|' 

20  074' 

20  06|' 

20  064' 

20  01»' 

46° 

2o06|' 

20  06i' 

20  05|' 
20  034' 

20  054' 

2^05' 

20044' 

20  044 

10  594' 

450 

^0  04i' 

20  04' 

20  034' 

20  02|' 

2=024' 

20  02' 

10  574' 

440 

20  02^' 

20.02' 

20  01|' 

20  014' 

20  01' 

^004' 

20  00' 

10  554' 

43°' 

20  OOi' 

20  00' 

10  594' 

10  59' 

lo58|' 

10  584' 

1058' 

10534' 

420 

lo68i' 

10  58' 

10574' 

19574' 

lo56i' 

10  664' 

10  5e' 

10  51J' 

410 

lo66|' 

10  56i' 

10  551' 

10554' 

10  55' 

10544' 

1°  544' 

10  50' 

40° 

1055' 

10544' 

1054' 

10  53|' 

10534' 

10  53' 

10  624' 

10  484' 

390 

10  63  J' 

10  62|' 

10524' 

10  52' 

I05II' 

10  514' 

10  61' 

1°4G|' 

38° 

lo61|' 

l°61i' 

1051' 

10504' 

10  50' 

I049I' 

10494' 

10454' 

370 

10  60  J' 

I049I' 

10494' 

1049' 

10  48|' 

10  484' 

1048' 

1044' 

36° 

10  48|' 

10  48J' 

10  48' 

lo47|' 

P  474' 

1047/ 

10464 

10  42|' 

36° 

10474' 

1047/ 

lo46|' 

1046  J' 

1046' 

10454' 

10454' 

10414' 

340 

lo46i' 

I045I' 

10454' 

1045' 

10443- 

10444' 

1044- 

10  404' 

38° 

1945' 

10444' 

I0441' 

10  43|' 
10  42|' 

10  434' 

10  43' 

I042I' 

1=39* 

32° 

1044' 

10434' 

1043' 

10  421' 

1042' 

10414' 

10  38' 

310 

I0421' 

10  421' 

10  42' 

10414' 

10  41' 

10  40i' 

10404' 

1=87' 

80° 

lo41i' 

10  4U' 

10  41' 

10  404' 

10  40  J' 

10  40' 

10  394' 

1=86' 

(8W)  Mttikg  out  a  McrUiaii.  When  two  points  in  the  direc- 
tion of  the  North  Star  at  its  extreme  elongation  have  been  Fig.  204. 
obtained,  as  in  Art.  (305),  the  True  Meridian  can  be  r  ^ 
found  thus.  Let  A  and  B  be  the  two  points.  Multiply  the 
natural  tangent  of  the  Azimuth  given  in  the  Table,  by  the 
distance  AB.  The  product  will  be  the  length  of  a  line 
which  is  to  be  set  off  from  B,  perpendicular  to  AB,  to 
some  point  G.  A  and  C  will  then  be  points  in  the  True 
Meridian.    This  operation  may  be  postponed  till  morning. 

If  the  directions  of  both  the  extreme  Eastern  and  extreme 
Western  elongations  be  set  out,  the  line  lying  midway 
between  them  will  be  the  True  Meridian. 
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(808)  Deterndilig  the  Tariattoi.  The  yariation  would  of 
course  be  g^ven  by  takmg  the  Bearing  of  the  Meridian  thus 
obtained,  but  it  can  also  be  determined  by  taking  the  Bearing  of 
the  star  at  the  time  of  the  extreme  elongation,  and  applying  the 
following  rules. 

When  the  Azimuth  of  the  star  and  its  magnetic  bearing  are  one 
East  and  the  other  West,  the  sum  of  the  two  is  the  Magnetic  Van* 
tion,  which  is  of  the  same  name  as  the  Azimuth ;  i.  e.  East,  if  that 
be  East,  and  West,  if  it  be  West. 

When  the  Azimuth  of  the  star  and  its  Magnetic  Bearing  are 
both  East,  or  both  West,  their  difference  is  the  Variation,  which 
will  be  of  the  same  name  as  the  Azimuth  and  Beaiu.g,  if  the  Azi- 
muth be  the  greater  of  the  two,  or  of  the  contrary  name  if  the 
Azimuth  be  the  smaller.  Fig.  205. 

All  these  cases  are  presented  together  in  the  'J^  ^  ^  |' 
figure,  in  which  P  is  the  North  Pole ;  Z  the  place 
of  the  observer;  ZP  the  True  Meridian;  8  the 
star  at  its  greatest  Eastern  elongation ;  and  ZN, 
ZN',  ZN'',  various  supposed  directions  of  the  needle. 

Call  the  Azimuth  of  the  star,  i.  e.  the  angle 
PZS,  2°  East. 

Suppose  the  needle  to  point  to  N9  and  the  Bear- 
ing of  the  star,  i.  e.  SZN,  to  be  6°  West  of  Mag- 
netic North.  The  variation  PZN  will  evidentiy  be 
7*»  East  of  true  North. 

Suppose  the  needle  to  pomt  to  N',  and  the  bearing  of  the  star, 
i.  e.  N'ZS,  to  be  l^""  East  of  Magnetic  North.  The  Variation 
will  be  1^  East  of  true  North,  and  of  the  same  name  as  the  Azimuth, 
because  that  is  greater  than  the  bearing. 

Suppose  the  needle  to  point  to  N"  and  the  bearing  of  the  star, 
i.  e.  N"ZS,  to  be  10**  East  of  Magnetic  North.  The  V^^riation 
wiU  be  8^  West  of  true  North,  of  the  contrary  name  to  the  Azimuth, 
because  that  is  the  smaller  of  the  two.* 

*  Algebraically,  always  sobtract  the  Bearing  from  the  Azimuth,  and  give  the  re- 
malDder  iu  proper  resulting  algebraic  sign.  It  will  be  the  Variation;  East  ifplv»t 
and  West,  if  minus.  Thus  in  the  first  case  above,  the  Variation  «  +  2«  — 
(—  5^)  a  -f-  7^  —  r*'  East.  In  the  second  case,  the  Variation  «.  ^.  2^  -*  (  ^  i|0) 
•-  4-  }®  =i  |o  East  In  the  third  case,  the  Variation  «=  -f  2«  —  (+  lOo)  -» 
^  8»  =  8*»  West. 


CHAP,  vn.]       YarlattoB  of  tke  MMgmMt  Neeile.  199 

If  the  star  waa  on  the  other  side  of  the  Pole,  the  roles  would 
apply  likewise. 

(909)  Other  Methods.  Many  other  methods  of  deienxuning  the 
true  Meridian  are  employed ;  such  as  by  equal  altitudes  and  azi- 
muths of  the  sun,  or  of  a  star ;  by  one  azimuth,  knowing  the  time ; 
by  observations  of  circumpolar  stars  at  equal  times  before  and  after 
their  culmination,  or  before  and  after  their  greatest  elongation,  &o* 

All  these  methods  however  require  some  degree  of  astronomical 
knowledge ;  and  those  which  have  been  expjbined  are  abundantiy 
suflBcient  for  all  the  purposes  of  the  ordinary  Land-Surveyor. 

"Burt's  Solar  Compass"  is  an  instrument  by  which,  "when 
adjusted  for  the  Sun's  declination,  and  the  Latitude  of  the  place, 
the  azimuth  of  any  line  from  the  true  North  and  South  can  be  read 
off,  and  the  difference  between  it  and  the  Bearing  by  the  compass 
will  then  be  the  variation."  -^'^--'''^-^^ 

(SIO)  Magnetic  Tariatton  In  the  United  States.  The  vari- 
ation of  the  Magnetic  needle  in  any^art  of  the  United  States, 
can  be  approximately  obtained  by  mere  inspection  of  the  map 
at  the  beginning  of  this  volume.*  Through  all  the  places  at 
which  the  needle  in  1850,t  pointed  to  the  true  Koilh,  a  line  is 
drawn  on  the  map,  and  ca^ed  the  Ime  of  no  Variation.  It  will 
be  seen  to  be  nearly  straight,  and  to  pass  in  a  N.N. W.  direction 
from  a  little  west  of  Oape  Hatteras,  N.  0.  through  the  middle  of 
Virginia,  about  midway  between  Cleveland,  (Ohio),  and  Erie, 
(Pa.),  and  through  the  middle  of  Lake  Erie  and  Lake  Huron.  If 
followed  South-Easteny  it  would  be  found  to  touch  the  most 
Easterly  point"  of  South  America.  It  is  now  slowly  moving 
Westward. 

At  all  places  situated  to  the  East  of  this  line  (including  the 
New-England  States,  New-Tork,New- Jersey,  Delaware,  Mary- 
land, nearly  all  of  Pennsylvania,  and  the  Eastern  half  of  Yirginia 
andNorthCarolina)the  Variationis  We8terly,i.  e.  the  north  end 
of  the  needle  points  to  the  west  of  the  true  Korth.  At  all  places 

*  Copied  (bj  pennission)  from  one  prepared  in  1856,  bj  Profl  A.  D.  Bache,  Sapi  U. 
&  GoMt  Snre^,  ftt>m  the  U.  B.  G.  S.  Obserrations.  The  dotted  portions  of  (he  lines 
■re  interpolations  due  to  the  kindness  of  J.  E.  Hilgard,  Assist.  U.  S.  Coast  Sarrey. 

t  A  sradnal  chan^  in  the  Variation  is  going  on  from^  year  to  year,  as  wiU  be  ex- 
plained in  the  next  Chapter. 
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niaated  to  the  West  of  this  line  (induding  the  Western  and  Soatii- 
em  States)  the  Variation  is  easterly,  i.  e.  the  North  end  of  the 
needle  points  to  the  East  of  the  true  North.  This  yariaiion  in* 
creases  in  proportion  to  the  distance  of  the  place  on  either  side  of 
the  line  of  no  variation,  reaching  21''  of  Easterly  Variation  in  Ore- 
gon, and  18°  of  Westerly  Variation  in  Maine. 

Line%  of  equal  Variation  are  lines  drawn  through  all  the  places 
which  have  the  same  variation.  On  the  map  tiiey  are  drawn  for 
each  degree.  AU  the  places  situated  on  the  Ime  marked  1°,  East 
or  Wefirf;,  have  V  Variation ;  those  on  the  2°  line,  have  2**  Varia- 
tion, &c.  The*  variation  at  the  intermediate  places  can  be  approxi- 
mately estimated  by  the  eye.    These  lines  all  refer  to  1840. 

The  Imes  of  equal  Variation,  if  continued  Northward,  would  all 
meet  in  a  certain  point  called  the  Magnetic  Pole^  and  situated  in 
the  neighborhood  of  96""  West  Longitude  from  Greenwich,  and  70** 
of  North  Latitude.    Towards  this  pole  the  needle  tends  to  pomt. 

Another  Magnetic  pole  is  found  in  the  Southern  hemisphere ; 
but  the  farther  development  of  this  subject  bel<mgB  to  a  treatise  on 
Natural  Philosophy. 

The  Variation  on  the  Pacific  slope  of  this  country  has  been  very 
imperfectiy  ascertained.    A  few  leading  points  are  as  below. 


California; 

Point  Conception, 

Sept.  1850,  IS^  49^'  E. 

Pomt  Penos,  Monterey, 

Feb.  1861,14^58'    B. 

Presidio,  San  Francisco, 

Feb.  1862,15^27'   B. 

San  Diego, 

Mar.  1851, 12^  29'    B. 

Oregon; 

Cape  Disappointment, 

July,  1851,  20O  45'    B. 

Ewing  Harbor, 

Nov.  1861,  IS''  29'    B. 

Wash.  Tory 

Scarboro'  Harbor, 

Aug.  1852,  21o  80*    B. 

(Sll)  To  correct  Hagnetlc  Bearings.  The  Variation  at  any 
place  and  time  being  known,  the  Magnetic  Bearings  taken  there 
and  then,  may  be  reduced  te  their  true  Bearings,  by  tiiese  Boles. 

RuLB  1.  When  the  Variation  is  West^  as  it  is  in  the  North- 
Eastern  States,  the  true  Bearing  will  be  the  9um  of  the  Variation 
and  a  Bearing  which  is  North  and  West,  or  South  and  East ;  and 
the  difference  of  the  Variation  and  a  Bearing  which  is  North  and 
East,  or  South  and  West.    To  apply  this  to  the  cardinal  points,  a 
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Fig.  206. 


North  Bearing  most  be  called  K.  0®  West,  an  East  Bearing  K 
90^  E.,  a  South  Bearing  S.  0**  E.,  and  a  West  Bearing  S.  90^  W.; 
counting  around  from  N'  to  N,  in  the  figure,  and  so  onward,  ^<  with 
the  Sun." 

The  reasons  for  these  corrections 
are  apparent  from  the  Figure,  in  which 
the  dotted  lines  and  the  accented  lelr 
ters  represent  the  direction  of  the  nee- 
dle, and  the  full  lines  and  the  unac- 
cented letters  represent  the  true  North  w- 
and  South  and  East  and  West  lines. 

When  the  sum  of  the  Variation  and 
the  Bearing  is  directed  to  be  taken,  I 

and  comep  to  more  tiian  90^,  the  sup-  9 

plement  of  the  sum  is  to  be  taken,  and  the  first  letter  changed. 
When  the  difference  is  directed  to  be  taken,  and  the  Variation  is 
greater  than  the  Bearing,  the  last  letter  must  be  changed.  A 
diagram  of  the  case  will  remove  all  doubts.  Examples  of  aQ  these 
cases  are  ^ven  below  for  a  Variation  of  8^  West. 


HAeNETIO 

TBUB 

itASssao 

TRUE 

BSAHmG. 

BKABIHO. 

BEAItlNG. 

BEABma. 

North. 

N.    8»W. 

Soath. 

S.    8°E. 

N.    PE. 

N.    7°W. 

S.    2»W. 

S.    6°E. 

N.  40»  E. 

N.  32°  E. 

S.  60°  W. 

8.  62°  W. 

East. 

N.  82°  E. 

West. 

S.  82°  W. 

S.  60°  E. 

S.  68°  E. 

N.  70°  W. 

N.  78°  W. 

S.  89'  E.  > 

N.  88'  E. 

N.  83°  W. 

S.  89°  W. 

Bulb  2.  When  the  Variation  is 
Mast,  as  in  the  Western  and  Southern 
States,  the  preceding  directions  must 
be  exactij  reversed ;  i.  e.  the  true 
Bearing  will  be  the  difference  of  the 
Variation  and  a  Bearing  which  is 
(orth  and  West,  or  South  and  East ; 
and  the  sum  of  the  Variation  and  a 
Bearing  which  is  North  and  East,  or 
South  and  West.    A  North  Bearing 
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must  be  called  K.  0^  E.,  a  West  Bearing  N.  QO""  Vf.,  a  South 
Bearing  S.  O"*  W.,  and  an  East  Bearing  S.  90''  E.,  counting  from 
N^  to  N9  and  so  onward,  ^^  against  the  sun."  The  reasons  fox 
these  rules  are  seen  in  the  figure.  Examples  are  given  beloTr,  f<a 
a  Yariatiim  of  S""  E. 


UAGNSTIO 

TBUB 

UAGNXTIO 

TBCB 

BBABmS. 

BBABIKG. 

BEABING. 

BEARma. 

North. 

N.    5°E. 

South. 

S.    5°W. 

N.  40»  E. 

N.  46°  E. 

S.  60°  W. 

S.  65°  W. 

N.  89°  E. 

S.  86°  E. 

S.  87°  W. 

N.  88°  W. 

East. 

S.  85°  E. 

West. 

N.  85°  W. 

S.    VE. 

S.    4°W. 

N.  70°  W. 

N.  65°  W. 

S.  60°  B. 

S.  45°  E. 

N.    2°W. 

N.    8°E. 

(312)  To  surrey  a  line  with  true  Bearings.  The  compasa 
may  be  set,  or  adjusted,  by  means  of  the  Yermer,  (noticed  in  Arts. 
(229)  and  (2S7),  and  shown  in  Fig.  148,  page  126)  according  to 
the  Variation  in  any  place,  so  that  the  Bearings  of  any  lines  then 
taken  with  it  will  be  their  true  Bearings.  To  effect  this,  turn  aside 
the  compass  plate,  by  means  of  the  Tangent  Screw  which  moves 
the  Vernier,  a  number  of  degrees  equal  to  the  Variation,  moving 
the  S.  end  of  the  Gompass-box  to  the  riffhty  (the  North  end  being 
supposed  to  go  ahead)  if  the  Variation  be  Westerly,  and  vice  versa; 
for  that  moves  the  North  end  of  the  Gompass-box  in  the  contrary 
direction,  and  thus  makes  a  Ime  which  before  was  N.  by  the  nee* 
die,  now  read,  as  it  should  truly.  North,  so  many  degrees.  West 
if  the  Variation  was  West ;  and  similarly  in  the  reverse  case. 
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CHAPTER  Vm. 


CHARGES  IN  THE  TARIATIOS. 

(SIS)  The  Changes  in  the  Yariatioii  are  of  more  practical 
importance  than  its  absolute  amount.  Thej  are  of  four  kmds: 
Irregular,  Diumal,  Annual  and  Secular. 

(SI  4)  Irregular  changes.  The  needle  is  subject  to  sudden 
and  violent  changes,  which  have  no  known  law.  Thej  are  some- 
times comcident  with  a  thunder  storm,  or .  an  Aurora  Borealis, 
(during  which,  changes  of  nearly  1°  in  one  minute,  2^  in  eight 
minutes,  and  10^  in  one  night,  have  been  observed),  but  often 
bave  no  apparent  cause,  except  an  otherwise  invisible  ^'  Magnetic 
Storm." 

(S15)  The  Munial  change.  On  continuing  observations  of 
the  direction  of  the  needle  throughout  an  entire  day,  it  will 
be  found,  in  the  Northern  Hemisphere,  that  the  North  end 
of  the  needle  moves  Westward  from  about  8  A.  M.  tiU  about  2 
P.  M.  over  an  arc  of  from  10'  to  15',  and  then  gradually  returns 
to  its  former  position.*  In  the  Southern  Hemisphere,  the  direction 
of  thb  motion  is  reversed.  The  period  of  this  change  being  a  day, 
it  is  called  the  Diurnal  Variation.  Its  effect  on  the  permanent 
Variation  is  necessarily  to  cause  it,  in  places  where  it  is  West,  to 
attiun  its  maximum  at  about  2  P.  M.,  and  its  minimum  at  about  8 
A.  M. ;  and  the  reverse  where  tiie  Variation  is  East. 

This  Diurnal  change  adds  a  new  element  to  the  inaccuracies  of 
the  compass ;  since  the  Bearings  of  any  Ime  taken  on  the  same 
day,  at  a  few  hours  interval,  might  vary  a  quarter  of  a  degree, 
which  would  cause  a  deviation  of  the  end  of  the  line,  amounting  to 
nearly  half  a  link  at  the'  end  of  a  chain,  and  to  85  links,  or  23 
feet,  at  the  end  of  a  mile.  The  hour  of  the  day  at  which  any 
important  Bearing  is  taken  should  therefore  be  noted. 

*  A  similar  but  smaller  movement  takes  place  dariug  the  night 
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(Sl<)  The  Aniiaal  chani^e*     If  the  observations  be  conianned 

throughout  au  entire  year,  it  will  be  found  that  the  Diurnal  changes 
vary  with  the  seajsons,  being  about  twice  as  great  in  Summer  as  in 
Winter.  The  period  of  this  change  being  a  year,  it  is  called  the 
Annual  Variation. 

(317)  The  Secular  chaii!i:e»  When  accurate  observations  on 
the  Variation  of  the  needle  in  the  same  place  are  continued  for 
several  years,  it  is  found  that  there  is  a  continual  and  tolerably 
regular  increase  or  decrease  of  the  Variation,  continuing  to  pro- 
ceed in  the  same  direction  for  so  long  a  period,  that  it  may  be 
called  the  Secular  change  of  Variation.* 

The  most  ancient  observations  are  those  taken  in  Paris.  In  the 
year  1541  the  needle  pomted  T"  East  of  North;  in  1580  tiie  Vari- 
ation had  increased  to  11^^  East,  being  its  maximum ;  the  needle 
then  began  to  move  Westward,  and  in  1666,  it  had  returned  to  the 
Meridian;  the  Variation  then  became  West,  and  continued  to 
increase  tiU  in  1814  it  attained  its  maximum,  being  22^  34'  West 
of  North.  It  is  now  decreasing,  and  in  1858  was  20^  17'  W.  In 
London,  the  Variation  in  1576  was  11*"  15'  E.;  in  1662,  0**;  in 
1700,  9»  40'  W. ;  in  1778,  22!^  11'  W. ;  in  1815,  24^  27'  W; ; 
and  in  1843,  23"  8'  W. 

In  this  country  the  north  end  of  the  needle  was  moving  East- 
ward at  the  earliest  recorded  observations,  and  continued  to  do  ao 
till  about  the  year  1810  (variously  recorded  as  from  1793  to 
1819),  when  it  began  to  move  Westward  which  it  has  ever  mnce 
continued  to  do.  Thus,  in  Boston,  from  1708  to  1807  the  Varia 
tion  changed  from  9**  W.  to  6**  5'  W.,  and  from  1807  to  1840,  it 
changed  from  6^  5'  W.  to  9^  18'  W. 

Valuable  Tables  of  the  Secular  changes  of  the  Variation  in  van 
ous  parts  of  the  United  States  have  been  published  by  Prof.  Loomia 
■n  Silliman's  "American  Journal  of  Science,''  Vol.  84,  July,  1888, 
p.  801;  Vol.  89,  Oct.  1840,  p.  42;  and  VoL  48,  Oct.  1842, 
p.  107.  An  abstract  of  the  most  reliable  of  them  is  here  given, 
rroy  and  Schenectady  are  from  other  sources. 

*  If  the  term  "  Declination  of  the  Needle"  could  be  restored  to  its  proper  usOj 
ibis  "  Change  of  Variation"  would  be  properly  called  the  "  Variation  of  the  D« 
eUnation." 
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PLACX. 

LATTTUDB. 

MNGITUDB. 

DATES. 

ANinJAI 

MOnOH. 

Borimgton,  Yt 

440  27' 

73°  10' 

1811...1834 

4'.4 

Chesterfield,  N.  H. 

42°  63' 

72°  20' 

1820...1886 

6'.4 

Deeifield,  Mass. 

42^34' 

72°  29' 

1811...1837 

6'.7 

Cambridge,  Mass. 

42°  22* 

71°    7' 

1810,..1840 

8'.4 

ll'ew-Haven,  Conn. 

41°  18' 

72°  68' 

1819...1840 

4'.6 

KeeseviUe,  N.  Y. 

44°  28' 

73°  82' 

1826...1838 

6'.4 

Albany,  N.  Y. 

42°  89' 

78°  45' 

1818...1842 

8'.6 

« 

(( 

« 

1842...1854 

4'.9 

Tro7,  N.  Y. 

42°  44' 

78°  40' 

1821...1837 

6'.2 

Schenectady,  N.  Y. 

42°  49' 

780  66' 

1829...1841 

7'.2 

(C 

(( 

« 

1841...1864 

6'.0 

New-York  City. 

40°  43' 

740  01' 

1824...1837 

8',7 

PhOadelphia. 

89°  57' 

75°  11' 

1818...1887 

8'.6 

aimedgeTille,  Oa. 

83°    7' 

88°  20' 

1805,..1885 

1'.7 

Mobile,  Ala. 

80°  40' 

88°  11' 

1809...1886 

2'.2 

Cleveland,  0. 

41°  80' 

81°  46' 

1826...1888 

4'.6 

Marietta,  0. 

890  25' 

81°  26' 

1810,..1888 

2'.4 

Cincinnati,  0. 

39°    6' 

84°  27' 

1825...1840 

2'.0 

Detroit,  Mich. 

42°  24' 

82°  68 

1822...1840 

4'.8 

Alton,  m. 

38°  52' 

90°  12' 

1886...1840    8'.0    | 

From  these  and  other  obseryations  it  appears  that  at  present  the 
lines  of  equal  variation  are  moving  Westward,  producing  an  annual 
change  of  variation  (increasing  the  Westerly  and  lessening  the 
Easterly)  which  is  different  in  different  parts  of  the  country,  and 
is  about  five  or  six  minutes  in  the  North-Eastem  States,  three  or 
&ur  minutes  in  the  Middle  States,  and  two  minutes  in  the  Southern 
States. 


0I18>  DetermlnattoB  of  the  chaHfre)  by  Interpolation.    To 

determine  the  change  at  any  place  and  for  any  interval  not  found 
in  the  recorded  observations,  an  approximation,  sufficient  for  most 
purposes  of  the  surveyor,  may  be  obtained  by  interpolation  (by  a 
ample  proportion)  between  the  places  ^ven  in  the  Tables,  assum- 
ing the  movements  to  have  been  uniform  between  the  ^ven  dates ; 
and  also  assuming  the  change  at  any  place  not  found  in  the  Tables, 
to  have  been  intermediate  between  those  of  the  Imes  of  equal  varia- 
tion, which  pass  through  the  places  of  recorded  observations  on 
each  side  of  it,  and  to  have  been  in  the  ratio  of  its  respective  di£h 
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tances  from  thoae  two  lines ;  for  example,  taking  their  arithmetical 
mean,  if  the  required  place  b  midway  between  them;  if  it  be  twice 
as  near  one  as  the  other,  dividing  the  sum  of  twice  the  change  of 
the  nearest  line,  and  once  the  change  of  the  other,  by  three ;  and 
so  in  other  cases ;  i.'  e.  ^ving  the  change  at  each  place,  a  ^^  weight'* 
inversely  as  its  distance  from  the  place  at  which  the  change  is  tc 
be  found. 

(31»)  Determtnatioii  of  the  change,  by  oM  Ilaes.  When 
the  former  Bearing  >of  any  old  line,  such  as  a  farm-fence,  &c.  is 
recorded,  the  change  in  the  Variation  from  the  date  of  the  ori^nal 
observation  to  the  present  time  can  be  at  once  found  by  setting  the 
compass  at  one  end  of  the  line  and  sighting  to  the  other.  The 
difference  of  the  two  Bearings  is  the  required  change. 

If  one  end  of  the  old  line  cannot  be  seen  from  the  other,  as  is 
often  the  case  when  the  line  is  fixed  only  by  a  ^^ comer"  at  each 
end  of  it,  proceed  thus.  Bun  a  line  from  one  comer  with  the  old 
Bearing  and  with  its  distance.  Measure  the  distance  from  the  end 
of  this  line  to  the  other  comer,  to  which  it  will  be  oppoate.  Mul* 
tiply  this  distance  by  57.3,  and  divide  by  the  lengtii  of  the  Ime. 
The  quotient  will^be  the  change  of  variation  in  degrees.* 

For  example,  a  line  68  chains  long,  m  1827  had  a  Bearing  of 
North  1^  East.  In  1847  a  trial  line  was  run  from  one  end  of  the 
former  Ime  with  the  same  Bearmg  and  distance,  and  its  other  end 
was  found  to  be  125  links  to  the  West  of  the  true  comer.    The 

change  of  Variatbn  was  therefore  ^'^^  ^  ^^'^  =  lo.lST  =  1^  8' 
Westerly. 

*  Let  AB  be  the  original  line ;  AO  the  trial  line.  Fig.  208L 

and  BO  the  distance  between  their  extremitiei.  ^  i 

AB  and  AC  may  be  regarded  as  radii  of  a  circle 
and  BO  as  a  chord  of  the  arc  which  subtends  their 
angle.  Assuming  the  chord  and  arc  to  coincide 
(which  they  will,  nearly,  for  small  angles)  we 
have  this  proportion ;  Whole  cir/imference  :  arc 
BO  ::  360O  -.  BAC  :   or,  2  X  AO  X  3.1416  :  BO 

BC 
•  t  360O  :  BAOi  whence  BAO  ^  ~~~  X  57.3 ;  or  more  praciiely  57.29578. 

AB 
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These  are  exceedingjiy 

Fig.  209. 


(3M>  Effects  of  the  Secular  change. 

important  in  the  re-suryej  of  &rms 
by  tiie  Bearings  recorded  in  old 
deeds.  Let  SN  denote  the  direc- 
tion of  the  needle  at  the  time  of 
Che  ori^md  Survey,  and  S'N'  its 
direction  at  the  time  of  the  re-gniv 
rey,  a  number  of  years  later. 
Suppose  the  change  to  have  been 
8°,  the  needle  pointing  so  much 
&rther  to  the  west  of  North.  The 
Ime  SN,  which  before  was  due 
North  and  South  by  the  needle 
will  now  bear  N.  8**  E.  and  S.  8**  W ;  the  Ime  AB,  which  before 
was  N.  40"*  E.  will  now  bear  N.  43*"  E;  the  line  DF  which  before 
was  N.  40°  W.  will  now  bear  N.  87°  W;  and  the  line  WE,  which 
before  was  due  East  and  West,  will  now  bear  S.  87°  E.  and  N. 
87°  W.  Any  Ime  is  similarly  changed.  The  proof  of  this  is  appa- 
rent on  inspecting  the  figure. 

Suppose  now  that  a  surveyor,  ignorant  or  neglectful  of  this 
change,  should  attempt  to  run  out  a 
fiunn  by  the  old  Bearings  of  the 
deed,  none  of  the  old  fences  or  cor- 
ners temaining.  The  full  lines  in 
the  figure  represent  the  original 
bounds  of  the  farm,  and  the  dotted 
lines  those  of  the  new  piece  of  land 
which,  starting  Urom  A,  he  would 
unwittingly  run  out.  It  would  be  of 
the  same  size  and  the  same  shape  as 
the  true  one,  but  it  would  be  in  the 
wrong  place.  None  of  its  lines 
would  agree  with  the  true  ones,  and 
in  some  places  it  would  encroach  on 
one  neighbor,  and  in  other  places 
would  leave  a  gore  which  belongs  to  it,  between  itself  and  another 
neighbor.  Yet  this  is  often  done,  and  is  the  source  of  a  great  part 
of  the  litigation  among  farmers  respecting  their  "  lines." 
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(ttl)  To  m  oit  oM  lllM.  To  sacceed  in  retracing  old 
Imes,  proper  allowance  must  be  made  for  the  change  in  the  varia- 
tion smce  the  date  of  the  ori^nal  snrrej.  That  date  moat  first 
be  accurately  ascertained ;  for  the  sonrey  may  be  mach  dder  than 
the  deed,  into  which  its  bearings  may  have  been  copied  fifom  an 
older  one.  The  amount  and  direction  of  the  change  is  then  to  be 
ascertained  by  the  methods  of  Arts.  (S18)  or  (S19).  The  bear- 
ings may  then  be  corrected  by  the  following  Bulbs. 

When  the  North  end  of  the  needle  has  been  moving  Westerly, 
(as  it  has  for  about  forty  years),  the  present  Bearings  will  be  the 
9vm9  of  the  change  and  the  old  Bearings  which  were  North-East- 
erly  or  South-Westerly,  and  the  difference9  of  the  change  and 
the  old  Bearings  which  were  North-Westeriy  or  South-Easterly. 

If  the  change  have  been  Easterly y  reverse  the  precedmg  mles, 
subtracting  where  it  is  directed  to  add,  and  adding  where  it  is 
directed  to  subtract. 

Bun  out  the  lines  with  the  Bearings  thus  corrected. 

It  will  be  noticed  that  the  process  is  precisely  the  reverse  of 
that  in  Art.  (311)-  The  rules  there  given  in  more  detail,  may 
therefore  be  used;  Bulb  1,  ^^  when  the  Variation  is  West,"  being 
employed  when  the  change  has  been  a  movement  of  the  N.  end 
of  the  needle  to  the  East ;  and  Bulb  2,  ^^  when  the  Variation  ia 
East,"  being  employed  when  the  N.  end  of  the  needle  has  bees 
moving  to  the  West. 

If  the  compass  has  a  Vernier,  it  can  be  set  for  the  change,  once 
for  all,  precisely  as  directed  in  Art.  (312)9  and  then  the  courses 
can  be  run  outr  as  ^ven  in  the  deed,  the  correction  being  made  by 
the  instrument.  I 

(322)  Exanptet  The  following  is  a  remarkable  case  which 
recentty  came  before  the  Supreme  Court  of  New-York.  The 
North  line  of  a  large  Estate  was  fixed  by  a  royfd  grant,  dated  in 
1704,  as  a  due  East  and  West  line.  It  was  run  out  in  1715, 
by  a  surveyor,  whom  we  will  call  Mr.  A.  It  was  again  surveyed 
m  1765,  by  Mr.  B.  who  ran  a  course  N.  87^  80'  E.  It  was  run 
out  for  a  third  time  in  1789,  by  Mr.  C.  who  adopted  the  course 
N.  86**  18'  E.    In  1846  it  was  surveyed  for  the  fourfh  time  by 
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Mr.  D.  with  a  course  of  N.  88**  30'  E.  He  found  old  "  comers," 
and  "  blazes  "  of  a  former  survey,  on  his  line.  They  are  also  found 
on  another  line.  South  of  his.  Which  of  the  preceding  courses 
were  correct,  and  where  does  the  true  line  lie  ? 

The  question  was  investigated  as  follows.  There  were  no  old 
records  of  variation  at  the  precise  locality,  but  it  lies  between  the 
lines  of  equal  variation  which  pass  through  New-York  and  Boston, 
its  distance  from  the  Boston  line  being  about  twice  its  distance  from 
ike  New-Tork  line.  The  records  of  those  two  cities  (referred  to 
in  Art.  (SI  7))  could  therefore  be  used  in  the  manner  explained 
in  Art.  (tl8).  For  the  later  dates,  observations  at  New-Haven 
conld  serve  as  a  check.  Combining  all  these,  the  author  inferred 
the  variation  at  the  desired  place  to  have  been  as  follows : 
In  1716,  Variation  8^  02'  West. 

In  1765,        "       6°  82'     "  Decrease  since  1715,  2^  80'. 

In  1789,        «       50  05'     «  Decrease  since  1765,  0^  27'. 

In  1845,        «       70  23'     «  Increase  since  1789,  2°  18'. 

We  are  now  prepared  to  examine  the  correctness  of  the  allowances 
made  by  the  old  surveyors. 

The  course  run  by  Mr.  B.  in  1765,  N.  87°  30'  E.  made  an 
allowance  of  2^  30'  as  the  decrease  of  variation,  agreeing  precisely 
with  our  calculation.  The  course  of  Mr.  C.  m  1789,  N.  86^  18' 
E.,  allowed  a  change  of  1^  12',  which  was  wrong  by  our  calcular 
tion,  which  gives  only  about  27',  and  was  deduced  from  three  dif- 
ferent records,  Mr.  D.  in  1846,  ran  a  course  of  N.  88^  80'  E, 
calling  the  increase  of  variation  smce  1789,  2^  12'.  Our  estimate 
was  2P  18',  the  diflference  being  comparatively  small.  Our  con- 
clusion then  is  this :  tlo^  second  surveyor  retraced  correctly  the  line 
of  the  first :  the  third  surveyor  ran  out  a  new  and  incorrect  line :  and 
liie  fourth  surveyor  correctly  retraced  the  line  of  the  third,  and  found 
his  marks,  but  this  line  was  wrong  originally  and  therefore  wrong 
now.  All  the  surveyors  ran  their  lines  on  the  supposition  that  the 
ori^al  '^  due  East  and  West  line  "  meant  East  and  West  as  the 
needle  pointed  at  the  time  of  the  original  survey. 

The  preponderance  of  the  testimony  as  to  old  land  marks  agreed 
-with  the  results  of  the  above  reasoning,  and  the  decision  of  the 
eourt  was  in  accordance  therewith. 

14 
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In  the  aboYO  figure  the  horisontal  and  Tertical  lines  represent 
true  East  and  North  lines;  and  the  two  upper  lines  running  from  left 
to  right  represent  the  two  lines  set  out  by  the  sorvejors  and  in  the 
years,  there  named. 

(323)  Remeiy  for  the  e?lls  of  the  Secular  chaige.     The 

only  complete  remedy  for  the  disputes,  and  the  uncertainty  of 
bounds,  resulting  from  the  continued  change  in  the  variation,  is 
this.  Let  a  Meridian,  i.  e.  a  true  North  and  South  line,  be  estab* 
lished  in  every  town  or  county,  by  the  authority  of  the  State ; 
monuments,  such  as  stones  set  deep  in  the  ground,  being  placed  at 
each  end  of  it.  Let  every  surveyor  be  obliged  by  law  to  test  his 
compass  by  this  line,  at  least  once  in  each  year.  This  he  could 
do  as  easily  as  in  taking  the  Bearing  of  a  fence,  by  setting  his 
instrument  on  one  monument,  and  sighting  to  a  staffheld  on  the  other. 
Let  the  variation  thus  ascertained  be  inserted  in  the  notes  of  the 
survey  and  recorded  in  the  deed.  Another  surveyor,  years  or 
centuries  afterwards,  could  test  his  compass  by  taking  the  Bearing 
of  the  same  monuments,  and  the  difference  between  this  and  the 
former  Bearing  would  be  the  change  of  variation.  He  could  thus 
determine  with  entire  certamty  the  proper^  allowance  to  be  made 
(as  in  Art.  (321))  in  order  to  retrace  the  original  line,  no  matter 
how  much,  or  how  irregularly,  the  variation  may  have  changed,  or 
how  badly  adjusted  was  the  compass  of  the  original  survey.  Any 
permanent  line  employed  in  the  same  manner  as  the  meridian  line, 
would,  answer  the  same  purpose,  though  less  conveniently,  and  every 
surveyor  should  have  such  a  line  at  least,  for  his  own  use.* 

•  This  remedy  seems  to  have  been  first  suggested  by  Rittenhoase.     It  h^  since 
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THE  INSTRiniEHTS. 

(>21)  Thb  Transit  and  Thb  Theodolitb  (figures  of  which  are 
given  on  the  next  two  pages)  are  CfaniometerSj  or  Angle-Measurers. 
Each  consists,  essentiaQ j,  of  a  circular  plate  of  metal,  supported  in 
luch  a  manner  as  to  be  horizontal,  and  divided  on  its  outer  circumr 
ference  into  degrees,  and  parts  of  degrees.  Through  the  centra  of 
tiiis  plate  passes  an  upright  axis,  and  on  it  is  fixed  a  second  circu- 
iar  plate,  which  nearly  touches  the  first  plate,  and  can  turn  fireely 
around  to  the  right  and  to  the  left.  This  second  plate  carries  a 
Telescope,  which  rests  on  upright  standards  firmly  fixed  to  the 
plate,  and  which  can  be  pomted  upwards  and  downwards.  By 
the  combination  of  this  motion  and  that  of  the  second  plate  around 
its  axis,  the  Telescope  can  be  directed  to  any  object.  The  second 
plate  has  some  mark  on  its  edge,  such  as  an  arrow-head,  wiuch 
serves  as  a  pointer  or  index  for  the  divided  circle,  like  the  hand  of 
a  clock.  When  the  Telescope  is  directed  to  one  object,  and  then 
tamed  to  the  right  or  to  the  left,  to  some  other  object,  this  index, 
which  moves  mth  it  and  passes  around  the  divided  edge  of  the 
other  plate,  points  out  the  arc  passed  over  by  this  change  of  direc- 
tion, and  thus  measures  the  angle  made  by  the  lines  ima^ned  to 
pass  firom  the  centre  of  the  instrument  to  the  two  objects. 
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THE  TRANSIT. 
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(S25)  DIstinetlai.  The  preceding  description  applies  to  both 
the  Transit  and  the  Theodolite.  But  an  essential  difference 
between  them  is,  that  in  the  Transit  the  Telescope  can  torn  com 
pletely  over,  so  as  to  look  both  forward  and  backward,  wiiile  in 
the  Theodolite  it  cannot  do  so.    Hence  the  name  of  the  Transit.* 

This  capability  of  reyersal  enables  a  strsdght  line  to  be  prolonged 
from  one  end  of  it,  or  to  be  ranged  out  in  both  directions  from  an; 
one  point.  The  Telescope  of  tiie  Theodolite  can  indeed  be  taken 
out  of  the  Y  shaped  supports  in  which  it  rests,  and  be  replaced 
end  for  end,  but  this  operation  is  an  imperfect  substitute  for  the 
revolution  of  the  Telescope  of  the  Transit.  So  also  is  the  turning 
half  way  around  of  the  upper  plate  which  carries  the  Telescope. 

The  Theodolite  has  a  level  attached  to  its  Telescope,  and  a  vertical 
circle  for  measuring  vertical  angles.  The  Transit  does  not  usually 
have  these,  though  they  are  sometimes  added  to  it.  The  instru- 
ment may  then  be  named  a  Transit-Theodolite.  It  then  corre- 
sponds to  the  altitude  and  asdmuth  instrument  of  Astronomy.  As 
the  greater  part  of  the  points  to  be  explained  are  common  to  both 
the  Transit  and  the  Theodolite,  the  descriptions  to  be  given  may 
be  regarded  as  applicable  to  either  of  the  instruments,  except  when 
the  contrary  is  expressly  stated,  and  some  point  peculiar  to  either 
is  noticed. 

(826)  The  great  value  of  these  instruments,  and  the  accuracj 
of  their  measuirements  of  angles  are  due  chiefly  to  two  things ;  to 
the  Telescopey  by  which  great  precision  in  sighting  to  a  point  is 
obtained ;  and  to  the  Vernier  SccUe^  which  enables  minute  portions 
of  any  arc  to  be  read  with  ease  and  correctness.  The  former 
assists  the  eye  in  directing  the  line  of  sight,  and  the  latter  aids  it 
in  reading  off  the  results.  Arrangements  for  ^ving  slow  and 
steady  motion  to  the  movable  parts  of  the  instruments  add  to  the 
value  of  the  above.  A  contrivance  for  Repeating  the  observation 
of  angles  still  fiurther  lessens  the  unavoidable  inaccuracies  of 
these  observations. 

•  It  IB  sometimM  called  the  '■Engineen^  Tranrit^"  or  ''Railroad  Trauitt"  to 
diBtingnish  it  from  the  Astronomical  Traneit-iiietniment  In  this  eoimtrj  it  hai 
ftlmoet  entirely  supplanted  the  Theod<^te. 
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The  inaccnrate  diyision  of  the*  limb  of  the  instnxment  is  abc 
ayeraged  and  thus  diminished  bj  the  last  arrangement  Its  want 
of  true  "  centring,"  is  remedied  by  reading  off  on  opposite  mdes 
of  the  circle. 

Imperfections  m  the  parallelism  and  perpendicularity  of  the  parts 
of  the  instrument  in  which  those  qualides  are  required,  are  cor- 
rected by  various  '^  adjustments,"  made  by  the  various  screws 
whose  heads  appear  in  the  engraving?. 

The  arraugements  for  attaming  all  these  objects  render  necessary 
the  numerous  parts  and  apparent  complication  of  the  instrument. 
But  this  complication  disappears  when  each  part  is  examined  in 
turn,  and  its  uses^d  relations  to  the  rest  are  distinctly  indicated. 
This  we  now  propose  to  do,  after  explaining  the  engravings. 

(327)  In  the  figures  of  the  instruments,  given  on  pages  212  and 
213,  the  same  letters  refer  to  both  figures,  so  far  as  the  parts  are 
common  to  both.*  L  is  the  limb  or  divided  circle.  Y  is  the 
index,  or  "  Vender,"  which  moves  around  it.  In  the  Transit,  only 
a  small  portion  of  the  divided  limb  is  seen,  the  upper  circle  (which 
in  it  is  the  qiovable  one)  covering  it  completely,  so  that  only  a 
short  piece  of  the  arc  is  visible  through  an  opening  in  the  upper 
plate.  S,  S,  are  standards,  fastened  to  the  upper  plate  and  sup- 
porting the  telescope,  EO.  G  is  a  compass-box,  also  fastened  to 
the  upper  plate.  <?  is  a  clamp-screw,  which  presses  together  the  two 
plates,  and  prevents  one  from  movmg  over  the  other.  ^  is  a  tangent- 
screw,  or  slow-motion  screw,  which  gives  a  slow  and  genfle  motion 
(o  one  plate  over  the  other.  C  is  a  clampnscrew  which  fastens  the 
lower  plate  to  the  body  of  the  instrument,  and  thus  prevents  it  from 
moving  on  its  own  axis.  T  is  the  tangent-screw  to  give  this  part  a 
dow-motion.  P  and  P'  are  parallel  plates  through  which  pass  four 
screws,  Q,  Q,  Q,  Q,   by  which  the  circular  plate  L  is  made  level, 

*  The  arrangements  of  these  instraments  are  differently  made  by  almont  every 
maker;  bat  any  form  of  them  being  thoroaghly  understood,  any  new  one  will 
caose  no  difficulty.  The  figure  of  the  Transit  was  drawn  from  one  made  by  W. 
&  L.  B.  Garley,  of  Troy,  N.  Y.  to  the  latter  of  whom  the  Author  is  indebted  foi 
some  raluable  information  resnecting  the  details  of  the  instrument.  The  Theodo 
lite  is  of  the  favorite  Bnglish  tbrm. 
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afl  determined  by  the  bubbles  in  the  small  spirit  levels,  B,  B,  of 
which  there  are  two  at  right  angles  to  each  other. 

In  the  figore  of  the  Theodolite^  the  large  level  (,  and  the  semi> 
circle  NN  are  for  the  purposes  of  Levelling,  and  of  measuring 
Vertical  angles.     They  will  therefore  not  be  described  in  this  place. 


(S28)  As  the  value  of  either  of  these  instruments  depends 
greatly  on  the  accurate  fitting  and  bearings  of  the  two  concentric 
vertical  axes,  and  as  their  connection  ought  to  be  thoroughly  under- 
stood, a  vertical  section  through  the  body  of  the  iostrument  is 
given  in  Fig.  214,  to  half  the  real  size.    The  tapering  spindle  or 

Fi>?,214. 


mverted  frustum  of  a  cone,  marked  AA,  supports  the  upper  plate 
BB,  which  carries  the  index,  or  Verniers,  V,  V,  and  the  Telescope. 
The  whole  bearing  of  this  plate  is  at  C,  C,  on  the  top  of  the  hollow 
inverted  cone  EE,  in  which  the  spindle  turns  freely,  but  steadily. 
This  interior  position  of  the  bearings  preserves  them  from  dust 
and  injury.  This  hollow  cone  carries  the  lower  or  graduated  plate, 
and  it  can  itself  turn  around  on  the  bearings  D,  D,  carrying  with  it 
the  lower  circle,  and  also  the  upper  one  and  all  above  it. 

The  Vernier  scales  V,  V,  are  attached  to  the  upper  plate,  but 
lie  in  the  same  plane  as  the  divisions  L,  L,  of  the  lower  plate,  (so 
ttiat  the  two  can  be  viewed  together,  without  parallax,)  and  are 
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covered  with  glass,  to  exclude  dost  and  moisture.  In 
the  figure  the  hatchings  are  dra¥ni  in  different  directions 
on  the  parts  which  move  with  the  Vernier,  and  on 
those  which  move  only  with  the  limb. 


(329)  The  Telescopet  This  is  a  combmation  of 
lenses,  placed  in  a  tube,  and  so  arranged,  in  accordance 
with  the  laws  of  optical  science,  that  an  image  of  any 
object  to  which  the  Telescope  may  be  directed,  is  formed 
within  the  tube,  (by  the  rays  of  light  coming  from 
the  object  and  bent  in  passing  through  the  object-glass) 
and  there  magnified  by  an  Eye-glass,  or  Eye-piece,  com- 
posed of  several  lenses.  The  arrangement  of  these  lenses 
are  very  various.  Those  two  combinations  which  are-pro- 
ferred  for  surveying  instruments,  will  be  here  explained. 

fig.  215  represents  a  Telescope  which  inverts  objects. 
Any  object  is  rendered  visible  by  every  point  of  it  send- 
ing forth  rays  of  light  in  every  direction.  In  this  figure, 
the  highest  and  lowest  points  of  the  object,  which  here  is 
an  arrow.  A,  are  alone  considered.  Those  of  the  rays 
proceeding  from  them,  which  meet  the  object-glass,  0, 
form  a  cone.  The  centre  line  of  each  cone,  and  its  ex- 
treme upper  and  lower  lines  are  alone  shown  in  the 
figure.  It  will  be  seen  that  these  rays,  after  passing 
through  the  object-glass,  are  refracted,  or  bent,  by  it, 
so  as  to  cross  one  another,  and  thus  to  form  at  B  an 
inverted  image  of  the  object.  This  would  be  rendered 
visible,  if  a  piece  of  ground  glass,  or  other  semi-transpa- 
rent substance,  was  placed  at  the  point  B,  which  is  called 
^e  focus  of  the  object-glass.  The  rays  which  form  this 
image  continue  onward  and  pass  through  the  two  lenses 
0  and  D,  which  act  like  one  magnifying  glass,  so  that 
the  rays,  after  being  refracted  by  them,  enter  the  eye 
at  such  angles  as  to  form  there  a  magnified  and  invert- 
ed image  of  the  object.  This  combination  of  the  two 
plano-convex  lenses,  G  and  D,  is' known  as  ^^Ramsden's 
Eye-piece." 
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This  Telescope,  inverting  objects,  shows  them  upside  p.^  gj^ 
down,  and  the  ri^t  side  on  the  left.  They  can  be 
shown  erect  by  adding  one  or  two  more  lenses  as  in  the 
marginal  figure.  But  as  these  lenses  absorb  li^t  and  les- 
sen the  distinctness  of  yimon,  the  former  arrangement  is 
preferable  for  the  glasses  of  a  Transit  or  a  Theodolite. 
A  little  practice  makes  it  equally  convenient  for  the 
observer,  who  soon  becomes  accustomed  to  seeing  his 
flagmen  standing  on  their  heads,  and  soon  learns  to 
motion  them  to  the  right  when  he  wishes  them  to  go  to 
the  left,  and  vice  versa. 

Figure  216  represents  a  Telescope  which  shows  ob- 
jects erect.  Its  eye-piece  has  four  lenses.  The  eye- 
piece of  the  common  terrestrial  Telescope,  or  spy-glass, 
has  three.  Many  other  c<»nbinations  may  be  used,  all 
intended  to  show  the  object  achromatically,  or  free  from 
false  coloring,  but  the  one  here  shown  is  that  most  gene- 
rally preferred  at  the  present  day.  It  will  be  seen  that 
an  inverted  image  of  the  object  A,  is  formed  at  B,  as 
before,  but  that  the  rays  continuing  onward  are  so 
refracted  in  passmg  through  the  lens  G  as  to  again 
cross,  and  thus,  aft^r  farther  refraction  by  the  lenses  B 
and  E,  to  form,  at  F,  an  erect  image,  which  is  magni- 
fied by  the  lens  G. 

In  both  these  figures,  the  limits  of  the  page  render 
it  necessary  to  draw  the  angles  of  the  rays  very  much 
out  of  proportion. 

(SSO)  Cross-kafrs.  Since  a  considerable  field  of 
view  is  seen  in  looking  through  the  Telescope,  it  is 
necessary  to  provide  means  for  directing  the  line  of  sight 
to  the  precbe  point  which  is  to  be  observed.  This 
oould  be  effected  by  placing  a  very  fine  point,  such  as 
that  of  a  needle,  within  the  Telescope,  at  some  place 
where  it  could  be  distinctly  seen..  In  practice  this  fine 
p(nnt  is  obtained  by  the  intersection  of  two  very  fine 
lines,  placed  in  the  common  focus  of  the  object-glass  and 
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ot  the  eye-piece.  These  lines  are  called  the  cro99^mr9^  or  eros9* 
wires.  Their  intersection  can  be  seen  through  the  eye-piece,  at 
&e  same  time,  and  apparently  at  the  same  place,  as  the  image  of  the 
distant  object.  The  magnifying  powers  of  the  eye-piece  will  then  de- 
tect the  slightest  deyiation  from  perfect  coincidence.  ^^  This  applica- 
tion of  the  Telescope  may  be  considered  as  completely  annihilat- 
ing that  part  of  the  error  of  observation  which  might  otherwise 
arise  from  an  erroneous  estimation  of  the  direction  in  which  an 
object  lies  from  the  observer's  eye,  or  from  the  centre  of  the  instru- 
ment. It  is,  in  {jEkct,  the  grand  source  of  all  the  precision  of  modem 
Astronomy,  without  which  all  other  refinements  in  instrumental  wort 
manship  would  be  thrown  away."  What  Sir  John  Herschel  here 
says  of  its  utility  to  Astronomy,  is  equally  applicable  to  Surveying. 

The  ima^nary  line  which  passes  through  the  intersection  of  the 
cross-hairs  and  the  optical  centre  of  the  object-glass,  is  called  the 
line  of  coUimation  of  the  Telescope.* 

.  The  crossJiairs  are  attached  tb  a  ring,  or  short  ihick  tube  of 
brass,  placed  within  the  Tele-  Yig.  217. 

scope  tube,  through  holes  in  |a  |J^ 

which  pass  loosely  four  screws,  ,^^^3^^^       '"^^T* 

(their  heads  being  seen  at  a,  mmSI^ 
fl,  a,  in  Kgs.  212  and  218),  PfW 
whose  threads  enter  and  take  Ufcfe^ — 
hold  of  the  ring,  behind  or  in  mll^^ 
front  of  the  cross-hairs,  as  ^9a 
shown  (in  front  view  and  in  ^^ 

section)  in  the  two  figures  in  ^^  *^ 

ihe  mar^.    Their  movements  will  be  explained  m  Chapter  JII, 

Usually,  one  cross-hair  is  horizontal,  and  the        ^    gis. 
other  vertical,  as  m  Hg.  217,  but  sometimes  they 
are  arranged  as  in  Fig.  218,  which  is  thought  to 
enable  the  object  to  be  bisected  with  more  preci- 
aon.     A  horizontal  hair  is  sometimes  added. 

The  croes4iairs  are  best  made  of  platinum  wire, 
drawn  out  very  fine  by  being  previously  enclosed 

•  From  the  Latin  word  CoUimo,  or  CoUvmo,  meaning  to  direct  one  thing  to 
wardi  another  in  a  straight  line,  or  to  aim  at  Ihelmeqfam  would  ezpreu  the 
meaning. 
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in  a  larger  wire  of  silyer,  and  the  silver  then  remoyed  bj  nitrio 
acid.  Silk  threads  from  a  cocoon  are  sometimes  used.  Spiders' 
threads  are,  however,  the  most  usual.  If  a  crosshair  is  broken, 
the  ring  must  be  taken  out  by  removing  two  opposite  screws,  and 
inserting  a  wire  with  a  screw  cut  on  its  end,  or  a  stick  of  suitable 
size,  into  one  of  the  holes  thus  left  open  in  the  rmg,  it  being  turned 
sideways  for  that  purpose,  and  then  removing  the  other  screws  • 
The  spider's  threads  are  then  stretched  across  the  notches  seen  in 
the  end  of  the  ring,  and  are  fastened  by  gum,  or  varnish,  or  bees- 
wax. The  operation  is  a  very  delicate  one.  The  following  plan  has 
been  employed.  A  piece  of  wire  is  bent,  as  in  the  figure,  so  as  to 
leave  an  opening  a  little  wider  than  the  f;«.  219. 

ring  of  the  cross-hairs.  A  cobweb  is  cho-  ^^^f^ 
sen,  at  the  end  of  which  a  spider  is  hang-  ~  ^*" 
ing,  and  it  is  wound  around  the  bent  wire,  yi. 

as  in  the  figure,  the  weight  of  the  insect  "^ 

keeping  it  tight  and  stretchiDg  it  ready  for  use,  each  part  being 
made  fast  by  gum,  &c.  When  a  cross-hair  is  wanted,  one  of 
these  is  laid  across  the  ring  and  there  attached.  Another  method 
is  to  draw  the  thread  out  of  the  spider,  persuading  him  to  spin,  if 
he  sulks,  by  tossing  him  from  hand  to  hand.  A  stock  of  such 
threads  must  be  obtained  in  warm  weather  for  the  winter's  wants. 
A  piece  of  thin  glass,  with  a  horizontal  and  a  vertical  line  etched 
on  it,  may  be  made  a  substitute. 

(S81)  Instramental  Parallax.  This  is  an  apparent  movement 
of  the  cross-hidrs  about  the  object  to  which  the  line  of  sight  ia 
directed,  taking  place  on  any  slight  movement  of  the  eye  of  the 
observer.  It  is  caused  by  the  image  and  the  cross*hairs  not  being 
precisely  in  the  common  focus,  or  point  of  distinct  vision  of  the 
eye-piece  and  the  object  glass.  To  correct  it,  move  the  eyo-piece 
out  or  in  till  the  cross-hairs  are  seen  clearly  and  sharply  defined 
agaiost  any  white  object.  Then  move  the  object  glass  in  or  out 
till  the  object  is  also  distinctly  seen.  The  cross-hiurs  will  then 
seem  to  be  fixed  to  the  object,  and  no  movement  of  the  eye  will 
cause  them  to  appear  to  change  their  place. 
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(552)  The  millectlieaded  screw  seen  at  M,  passing  into  the  tele- 
scope has  a  pinion  at  its  other  end  entering  a        Fig.  220. 
toothed  rack,  and  is  used  to  move  the  object  glass,  ^aaa/^j^vW 
O,  oat  and  in,  according  as  the  object  looked  at  is  %a5^ 
nearer  or  farther  than  the  one  last  observed.    Short  distances 
require  a  long  tube :  long  distances  a  short  tube. 

The  eye-piece,  E,  is  nsnallj  moved  m  and  out  by  hand,  but  a 
rimilar  arrangement  to  the  preceding  is  a  great  improvement.  This 
movement  is  necessary  in  order  to  obtain  a  distinct  view  of  the 
croes-hairs.  Shortnsighted  persons  require  the  eye-picce  to  be 
poshed  farther  in  than  persons  of  ordinary  sight,  and  old  or  long- 
fighted  persons  to  have  it  drawn  further  out. 

(553)  SapportSt  The  Telescope  of  the  l}ransit  is  supported 
by  a  hollow  axis  at  right  angles  to  it,  which  itself  rests  at  each  end, 
on  two  upright  pieces,  or  standards,  spreading  at  their  bases  so  as 
to  increase  their  stability.  In  the  Theodolite^  the  telescope  rests 
at  each  end  in  forked  supports,  called  V9  from  their  shape. 
These  ys  are  themselves  supported  by  a  crosa-bar,  which  is  car- 
ried by  an  axis  at  right  angles  to  it  and  to  the  telescope.  This 
axis  rests  on  standards  similar  to  those  of  llie  Transit.  The  Tele- 
scope of  the  Theodolite  can  be  taken  out  of  the  Ys,  and  turned 
*^  end  for  end."  This  is  not  usual  in  the  Transit.  Either  of  the 
above  arrangements  enables  the  Telescope  to  be  raised  or  depressed 
so  as  to  suit  liie  height  of  the  object  to  which  it  is  directed.  A 
telescope  so  disposed  is  called  a  ^^  plun^ng  telescope." 

In  some  instruments  liiere  is  an  arrangement  for  raising  or  low- 
ering one  end  of  the  axis.     This  is  sometimes  required  for  reasons  * 
to  be  given  in  connection  with  ^^  Adjustments." 

(334)  The  Indexes*  The  supports,  or  standards,  of  the  telescope 
just  described  are  attached  to  the  upper,  or  index-carrying  circle.* 
This,  as  has  been  stated,  can  turn  freely  on  the  lower  or  graduated 
circle,  by  means  of  its  conical  axis  moving  in  the  hollow  conical 
axis  of  the  latter  circle.    This  upper  circle  carries  the  index,  Y, 

*  In  inme  inerraments  this  circle  is  the  nnder  one.  In  oar  figures  it  is  the  upper 
one,  and  we  will  therefore  alwayv  ipeak  of  it  as  such. 
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vhich  is  an  arrow-head  or  other  mark  on  its  edgOi  or  the  zero-point  of 
a  Vernier  scale.  There  are  nsuallj  two  of  ihese,  situated  ezaoilj 
opposite  to  each  other,  or  at  the  extremities  of  a  diameter  of  the 
upper  circle,  so  that  the  readings  on  the  graduated  circle  pointed  out 
bj  them  differ,  if  both  are  correct,  exactly  180^.  The  object  of  Uus 
arrangement  is  to  correct  any  error  of  eccentricity ^  arising  firom  the 
centre  of  the  axis  which  carries  the  upper  circle,  (and  with  which  it 
and  its  index  pointers  turn),  not  being  precisely  in  the  centre  of  the 
graduated  circle.    In  the  figure,  let  C  Fig*  221. 

be  the  true  centre  of  the  graduated  cir- 
cle, but  C  the  centre  on  which  the  plate 
carrying  the  indexes  turns.  LetAG^B 
represefit  the  direction  of  a  sight  taken 
to  one  object,  and  D'C'E'  the  direction 
when  turned  to  a  second  object.  The 
angle  subtended  by  the  two  objecta  at 
the  centre  of  the  instrument  is  requir- 
ed. Let  DE  be  a  line  passmg  through  G,  and  parallel  to  T/Et^ 
The  angle  AGD  equals  the  required  angle,  which  is  therefore  trolj 
measured  by  the  arc  AD  or  BE.  But  if  the  arc  shown  by  the 
index  is  read,  it  will  be  AD'  on  one  side,  and  BE'  on  the  other ; 
the  first  being  too  small  by  the  arc  DD'  and  the  other  too  large  by 
the  equal  arc  EE'.  If  however  the  half-sum  of  the  two  arcs  Ajy 
and  BE'  be  taken,  it  will  equal  the  true  arc,  and  therefore  correctly 
measure  the  angle.  Thus  if  AD'  was  19^,  and  BE'  21^,  their 
half  sum,  20^,  would  be  the  correct  angle. 

Three  indexes,  120''  apart,  are  sometimes  used.  They  haye  the 
.advantage  of  averaging  the  unavoidable  inaccuracies  and  inequali- 
ties  of  graduation  on  different  parts  of  the  limb,  and  thus  diminish- 
ing their  effect  on  the  resulting  angle. 

Four  were  used  on  the  large  Theodolite  of 
the  English  Ordnance  Survey,  two,  A  aad  B, 
opposite  to  each  other,  and  two,  G  and  D,  120^ 
from  A  and  from  each  other.  The  half-sum  or 
arithmetical  mean,  of  A  and  B  was  taken,  then 
the  mean  of  A,  G,  and  D,  and  then  the  mean 
of  these  Wo  means.    But  this  was  wrong,  for 
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it  gftTB  too  great  ^ne  to  Hie  letding  of  A,  and  alao  to  B,  <1mmi|^ 
inakasd^^ree;  abice  the  ahare  of  each  Vender  in  the  final  meaa 
va8a8fiiDow8:A=59B=8,  G=2,Ds»2.    ThisraniltsfitMn 

tiieezpre6Bianfi)rthatmean,=sil — ^ —  +  —  — /^^^ 

(5  A  +  3  B  +  2  C  +  2  D). 

(555)  Tke  gniiated  circle*  This  is  divided  into  three  hnn- 
drei  and  eizty  equal  parts,  or  Degrees,  and  each  of  these  is  sub* 
divided  into  two  or  three  parts  or  more,  according  to  the  siie  of  the 
instnunent  In  the  first  case,  the  smallest  diviaon  on  the  cirde  irill 
of  course  be  80';  in  the  second  case  20\  More  precise  reading,  to 
sngle  minutes  or  even  less,  is  effiscted  by  means  of  the  Vernier  of 
the  index,  all  the  varieties  of  which  will  be  fully  exphuned  in  the 
next  chapter.  The  numbers  run  &om  0^  around  to  860^,  which 
number  is  necessarily  at  the  same  point  as  the  0,  or  zero-poinA^ 
Each  tenth  degree  is  usually  numbered,  each  fifth  degree  is  distixh 
gmshed  by  a  longer  line  of  division,  and  each  degree-division  line 
is  longer  than  those  of  the  sub-divisions.  A  magnifying  glass  is 
needed  for  reading  the  divisions  with  ease.  In  the  Theodolite 
engraving  this  is  shown  at  m.  It  should  be  attached  to  each 
Vernier.. 

(556)  NoYemeiitSt  When  the  line  of  sight  of  the  telescope  is 
directed  to  a  distant  well-defined  point,  the  unaided  hand  of  the 
observer  cannot  move  it  with  sufficient  delicacy  and  precision  to 
make  the  intersection'Of  the- cross  haira exactly <iov6r  or  ^'bisect" 
that  point.  To  effect  this,  a  clamp,  and  a  Tangent,  or  slow-motion, 
screw  are  required.  This  arrangement,  as  applied  to  the  move- 
ment of  the  upper,  or  Vernier  plate,  consists  of  a  short  piece  of 
brass,  D,  which  is  attached  to  the  Vernier  plate,  and  throu^ 
which  passes  a  long  and  fine-threaded  '^  Tangent-screw,"  t.  The 
other  end  of  this  screw  enters  iute  and  carries  the  clamp.  This 
consists  of  two  pieces  of  brass,  which,  by  turning  the  clamp^crew 
<,  which  passes  through  them  on  the  outside,  can  be  made  to  teke 

*  In  some  instromeDts  there  ii  another  concentric  circle  on  which  the  degree! 
tra  alto  unmbered  from  0^  to  90*  as  on  the  compaas  circle. 
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hold  of  and  pinch  tightlj  the  edge  of  the  lower  circle,  which  liea 
between  them  on  the  inside.  The  upper  circle  ib  now  prevented 
from  moving  on  the  lower  one ;  for,  the  tangent-screw,  paamng 
through  hollow  screws  in  both  the  clamp  and  the  piece  D,  keeps 
them  at  a  fixed  distance  apart,  so  that  thej  cannot  move  to  or  from 
one  another,  nor  consequently  the  two  circles  to  which  they  are 
respectively  made  fSast.  But  when  this  tangent-screw  is  turned  by 
its  milled-head,  it  gives  the  clamp  and  with  it  the  upper  plate  a 
smooth  and  slow  motion,  backward  or  forward,  whence  it  is  called 
the  ^^  Slow  motion  SQrew,"  as  well  as  "  Tangent-screw,"  from  the 
direction  in  which  it  acts.  It  is  always  j^ed  at  the  south  end 
of  the  compass-box. 

A  little  different  arrangement  is  employed  to  give  a  similar 
motion  to  the  lower  circle  (which  we  have  hitherto  regarded  as 
immovable)  on  the  body  of  the  instrument.  Its  axis  is  embraced 
by  a  brass  ring,  into  which  enters  another  tangent-screw,  whicli 
also  passes  through  a  piece  fastened  to  the  plate  P.  The  clamp- 
screw,  C,  causes  the  ring  to  i»nch  and  hold  immovably  the  axis  of 
the  lower  circle,  while  a  turn  of  the  Tangent-screw,  T,  will  slowly 
move  the  clamp  ring  itself,  and  therefore  with  it  the  lower  circle. 
When  the  clamp  is  loosened,  the  lower  circle,  and  with  it  every 
thing  above  it,  has  a  perfectiy  free  motion.  A  recent  improvement 
is  the  eniployment  for  this  purpose  of  two  tangent  screws,  pressing 
against  opposite  sides  of  a  piece  projecting  from  the  clamp-ring. 
One  is  tightened  as  the  other  is  loosened,  and  a  very  steady  mo- 
tion is  thus  ob tamed. 

(8S7)  Levels*  Since  tiie  object  of  the  instrument  is  to  measure 
harizontal  angles,  the  circular  plate  on  which  they  are  measured 
must  itself  be  made  horizontal.  Whether  it  is  so  or  not  is  known 
by  means  of  two  small  levels  placed  on  the  plate  at  right  angles  to 
each  other.  Each  consists  of  a  glass  tube,  slightiy  curved  upward 
in  its  middle  and  so  nearly  filled  with  alcohol,  that  only  a  small 
bubble  of  air  is  left  in  the  tube.  This  always  rises  to  the  highest 
part  of  the  tubes.  They  are  so  ^'adjusted"  (as  will  be  explained 
in  chapter  III)  that  when  this  bubble  of  air  is  in  the  middle  of 
the  tubes,  or  its  ends  equidistant  from  the  central  mark,  the  piate 
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«i  irtueh  ihey  are  fltftened  shall  be  level,  wldeli  ynj  soever  it  may 
be  tamed. 

The  lerds  are  represented  in  the  figure  of  the  Tranat,  on  page 
212,  as  being  under  the  phte.  Thej  are  sometimes  placed  above 
it  In  that  ease,  the  Yemiers  are  moved  to  one  side,  between  the 
feet  of  the  standards,  and  one  of  the  levels  is  fixed  between  the 
standards  above  one  of  the  Yemiers,  and  the  other  on  the  plate  at 
the  south  end  of  the  eompass^x. 

(SS8)  Parallel  Plates*  To  raise  or  lower  either  nde  of  the 
circle,  so  as  to  bring  the  babbles  into  the  centres  of  the  tubes, 
requires  more  gentle  and  steady  movements  than  the  unaided  hands 
can  0ve,  and  is  attuned  by  the  Parallel  Plates  P,  F,  (so  called 
because  they  are  never  parallel  except  by  accident),  and  their 
four^crews  Q,  Q,  Q,  Q,  ^ch  hdd  the  {dates  finnly  apart,  and,  by 
being  tamed  in  or  out,  raise  or  lower  one  side  or  the  other  of  the 
upper  plate  P',  and  thereby  of  the  graduated  circle.  The  two 
plates  are  held  together  by  a  ball  and  socket  joint.  To  level  ilMi 
instrument,  loosen  the  lower  clamp  and  turn  the  circle  till  each 
level  is  paraUel  to  the  vertical  plane  passmg  through  a  pair  of 
opposite  screws.  Then  take  hold  of  two  oppoate  screws  and  tarn 
them  simultaneously  and  equally,  but  in  contrary  directions,  screw- 
Fig.  223. 
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mg  one  in  and  the  other  out,  as  shown  by  the  arrows  in  the  figures. 
A  rale  easily  remembered  is  that  both  thumbs  mast  torn  in,  or  both 
out  The  movements  represented  m  the  first  of  these  figures  would 
raise  the  left-hand  nde  of  the  circle  and  lower  the  rigfatrhand  side. 
The  movements  of  the  second  figure  would  produce  the  reverse 
eftct.  Care  is  needed  to  turn  the  opposite  screws  equally,  so  that 
they  shall  not  become  so  loose  that  ^e  instrument  will  rock,  or  so 
ta^t  as  to  be  cramped.  When  this  last  occurs,  one  of  the  other 
pair  should  be  loosened* 
r  15 
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Sometimes  one  of  each  pair  of  the  screws  is  replaced  bj  a  stxong 
spring  against  which  the  remaining  screws  act. 

The  French  and  German  instruments  are  usually  supported  by 
only  three  screws.  In  such  cases, -one  level  is  brought  parallel  to 
one  pair  of  screws  and  leycUed  by  them,  and  the  other  level  has 
its  bubble  brought  to  its  centre  by  the  third  screw.  If  there  is 
only  one  level  on  the  instrument,  it  is  first  brought  parallel  to  one 
pair  of  screws  and  levelled,  and  is  then  turned  one  quarter  around 
so  as  to  be  perpendicular  to  them  and  over  the  third  screw,  and  the 
operation  is  repeated. 

(SS9)  Watck  Telescope*  A  second  Telescope  is  sometimes 
attached  to  the  lower  part  of  the  instrument.  Yfhfin  a  number  of 
angles  are  to  be  observed  from  any  one  station,  direct  the  upper 
and  principal  Telescope  to  the  first  object,  and  then  direct  the 
lower  one  to  any  other  well-defined  point.  Then  make  all  the 
desired  observations  with  the  upper  Telescope,  and  when  they  are 
finished,  look  again  through  the  lower  one,  to  see  that  it  and  there- 
fore the  divided  circle  has  not  been  moved  by  the  movements  of 
the  Vernier  plate.  The  French  call  this  the  WitTtess  Telescope^ 
(^Lunette  temain). 

(340)  The  Compass*  Upon  the  upper  plate  is  faxed  a  compass. 
Its  use  has  been  fully  ezplsuped  in  Part  m.  It  is  little  used  in 
connection  with  the  Transit  or  Theodolite,  which  are  so  incompara- 
bly more  accurate,  except  as  a  ''  check,"  or  rough  test  of  (he 
accuracy  of  the  angles  taken,  which  should  about  equal  the  diffe^ 
ende  of  the  magnetic  bearings.  Its  use  will  be  farther  noticed  in 
Chapter  IV,  on  "  Field  Work." 

(S41)  The  Saireyer's  Transit*  In  this  instrument  (so 
named  by  its  introducers,  Messrs.  Gnrley,  and  shown  in 
Fig.  224),  the  Vernier-plate,  v^hich  carries  the  standards 
and  telescope,  is  under  the  plate  v^hich  carries  the  grad- 
uated circle,  and  the  compass  is  attached  to  the  latter. 
By  this  arrangement,  when  the  Vernier  is  set  at  any  angle, 
the  line  of  sight  of  the  telescope  will  make  that  angle  with 
the  N.  and  S.  lines  of  the  compass.  Consequently,  this 
instrument  can  be  used  precisely  like  the  Vernier  compass 
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to  allow  for  magnet- 
ic yariatioii)  and  thns 
to  mn  out  a  line  with 
true  bearings,  as  in  Art. 
(S12),  or  to  run  out  old 
lines,  allowing  for  the 
secul^  variation,  as  in 
Art.  (311). 

The  instrument  may 
also  be  used  like  the 
common  Engineer's 
Transit.  The  compass, 
however,  will  then  not 
give  the  bearings  of  the 
lines  surveyed,  but  they 
can  easily  be  deduced 
from  that  of  any  one 
line. 
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(S42)  GoBlamometre.  A  very  compact  m- 
stmment  to  which  the  above  name  has  been 
^ven  in  France,  where  it  is  much  used,  is  shown 
in  the  figure.  The  upper  half  of  the  cylinder  is 
movable  on  its  lower  half.  The  observations 
may  be  taken  through  the  slits,  as  in  the  Survey- 
or's Cross,  or  a  Telescope  may  be  added  to  it. 
Readings  may  be  taken  both  from  the  compass, 
and  from  the  divided  edge  of  the  lower  half  of 
the  cylinder,  by  means  of  a  Vernier  on  the 
upper  half.* 


*'The  proper  care  of  infltruments  mnst  not  be  overlooked. 
If  ▼arnfshed,  they  shoald  be  wiped  gently  with  fine  and 
clean  linen.  If  polished  with  oil,  they  shoald  be  nibbed 
more  strongly.  The  parts  neither  varnished  nor  oiled,  should 
be  cleaned  with  Spanish  white  and  alcohol.  Varnished  wood,  when  spotted 
should  be  wiped  with  very  soft  linen,  moistened  with  a  little  olive  oil  or  alcohol 
Un{>ainted  wood  is  cleaned  with  sand-paper.  Apply  olive  oil  where  steel  rabi 
anioat  brass ;  and  wax  softened  by  tallow  where  brass  rubs  against  brass.— 
Clean  the  glasses  with  kid  or  back  skin.     Wash  them,  if  dirtied,  with  alcohol 
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TERMERS. 

(SIS)  Bf  UnltiMt  A  Vernier  is  a  contrivance  for  measnring 
flmaller  portions  of  space  than  those  into  which  a  line  is  actoaOj 
cUvided.  It  consists  of  a  second  line  or  scale,  moyable  bj  the  nde 
of  the  first,  and  divided  into  equal  parts,  which  are  a  very  little 
shorter  or  longer  than  the  parts  into  which  the  first  Une  is  divided. 
This  small  difference  is  the  space  which  we  are  thus  enabled  to 
measure.* 

The  Vernier  scale  is  usually  constructed  by  taking  a  length 
equal  to  any  number  of  parts  on  the  divided  line,  and  then  dividing 
this  length  into  a  number  of  equal  parts,  one  more  or  one  less  than 
the  number  into  which  the  same  length  on  the  original  line  is  di- 
vided. 


(S44)  IllastratlOBt    The  figure  represents  (to  twice  the  real 
b)  a  scale  of  inches  divided  into  tenths,  with  a  Vernier  scale 
beside  it,  by  which  hundredths  of  an  inch  can  be  measured.    Die 

Fig.  225. 
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Vernier  is  made  by  setting  off  on  it  9  tenths  of  an  inch,  and  divid- 
ing that  length  into  10  equal  parts.  Each  space  on  the  Vender 
IS  therefore  equal  to  a  tenth  of  nine-tenths  of  an  inch,  or  to  nine* 
hundredths  of  an  inch,  and  is  consequently  one-hundredth  of  an 
inch  shorter  than  one  of  the  divisions  of  the  ori^al  scale.    The 


*  The  Vernier  ia  so  named  from  iti  inventor,  in  1631.  The  name  '^  NoaiM," 
often  improperly  given  to  it,  belongs  to  an  entirely  different  contrivance  ht  a 
flimilar  object. 
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fint  space  of  the  Yemier  inll  therefore  M  short  of,  or  be  oyer- 
lapped  bj,  the  first  space  on  the  scale  bj  this  one-hundredth  of  an 
inch';  the  second  space  of  the  Vernier  will  fall  short  by  two-hun« 
dredtbs  of  an  inch ;  and  so  on.  K  then  the  Vernier  be  moved  np 
bj  tiie  ride  of  the  original  scale,  so  th^t  the  line  marked  1  coin* 
cides,  <Hr  forms  one  straight  line,  with  the  line  of  the  scale  which 
waa  just  above  it,  we  know  that  the  Vernier  has  been  moved  one* 
hmicbedth  of  an  inch.  If  the  line  marked  2  comes  to  coincide 
with  a  line  of  the  scale,  the  Vernier  has  moved  up  two-hundredths 
Kii  an  inch ;  and  so  for  other  nambeis.    K  the  position  of  ihe 

Fig.  226. 
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Vernier  be  as  in  this  figure,  the  line  marked  7  on  the  Vernier 
corresponding  with  some  line  on  the  scale,  the  sero  line  of  the 
Vernier  is  7  hundredths  of  an  inch  above  the  division  of  the  scale 
next  below  this  zero  line.  If  this  division  be,  as  in  the  figure, 
8  inches  and  6  tenths,  the  reading  will  be  8.67  inches.* 

A  Vernier  like  this  is  used  on  some  levelling  rods,  being  engraved 
on  the  ddes  of  the  opening  in  the  part  of  the  target  above  its 
middle  Ime.  The  rod  being  divided  into  hundredths  of  a  foot,  this 
Vernier  reads  to  thousandths  of  a  foot.  It  is  also  used  on  some 
French  Mountain  Barometers,  which  are  divided  to  hundredths  of 
a  metrt^  and  thus  read  to  thousandths  of  that  unit. 

(SIS)  General  rales.  To  find  what  any  Vernier  read$  to, 
i.  e.  to  determine  how  small  a  distance  it  can  measure,  observe 
how  many  parts  on  the  original  line  are  equal  to  the  same  number 
increased  or  diminished  bj  one  on  fhe  Vernier,  and  divide  the 


*  The  student  will  do  well  to  drew  sach  a  iciile  and  Vernier  on  two  slips  of 
tbick  paper,  and  move  one  beside  the  other  till  he  can  read  them  ib  any  possible 
position ;  and  so  with  the  following  Vemiert. 
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length  of  a  part  on  the  original  line  bj  this  last  number.  It  iriQ 
give  the  required  distance/ 

To  read  any  Vender j  firstij,  look  at  the  zero  line  of  the  Yer* 
nier,  (which  is  sometimes  marked  bj  an  arrow4iead),  and  if  it 
coincides  with  any  division  of  the  scale,  that  will  be  the  correot 
reading,  and  the  Yemier  divisions  are  not  needed.  But  if,  as 
nsuallj  happens,  the  zero  line  of  the  Yemier  comes  between  any 
two  divisions  of  the  scale,  note  the  nearest  next  less  division  on  the 
scale,  and  then  look  along  the  Yemier  till  jou  come  to  some  line 
on  it  which  ezactlj  coincides,  or  forms  a  straight  line,  widi  some 
line  (no  matter  which)  on  the  fixed  scale.  The  number  of  this 
line  on  tAe  Vermer  (the  7th  in  the  last  figure)  tells  that  so  many 
of  the  sub-divisions  which  the  Yemier  indicates,  are  to  be  added  to 
the  reading  of  the  entire  divisions  on  the  scale. 

When  several  lines  on  the  Yemier  appear  to  coincide  equaDy 
with  lines  of  the  scale,  take  the  middle  line. 

When  no  line  coincides,  but  one  line  on  the  Yemier  is  on  one 
side  of  a  line  on  the  scale,  and  the  next  line  on  the  Yemier  is  as 
&r  on  the  other  side  of  it,  the  tme  reading  is  midway  between  those 
indicated  by  these  two  lines,        ^       V.  ^ 

(S46)  Retrograde  Tenders.  The  spaces  of  the  Yemier  in 
modem  instraments,  are  usually  each  shorter  than  those  on  the  scale, 
a  certain  number  of  parts  on  the  scale  being  divided  into  a  larger 
number  of  parts  on  the  Yemier.f  In  the  contrary  case,^  there  is 
the  inconvenience  of  being  obliged  to  number  the  lines  of  the  Yer* 
nier  and  to  count  their  coincidences  with  the  lines  of  the  scale,  in 
a  retrograde  or  contrary  direction  to  that  in  which  the  numbers  <m 
the  scale  run.   We  will  call  such  arrangements  retrograde  Yemiers. 

*  In  Algebraic  langaage,  let  $  equal  the  length  of  one  part  on  the  orieinal  lin^ 
and  V  the  unknown  ^ngih  of  one  part  on  the  Vernier.     Let  m  of  the  Tormer  ■■ 

m  4- 1  of  the  latter.    Then  nu  ->  (m  +  1)  v.       »  «  — -— t.       «  —  »■■«  — 

♦  i.  e.  Algebraicallj,  •  —  — —^  «.  X  i.  o.  When  v  ^  ^  ^^ 
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(SI7)  IlliistratiM.  In  this  figure,  the  scale,  as  before,  repre- 
sents (to  twice  the  real  size)  inches  divided  into  tenths,  bat  the 
Vernier  i^made  hj  dividing  11  parts  of  the  scale  into  10  equal 

Fig.  227. 
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parts,  each  of  which  is  therefore  one-tenth  of  eleven-tenths  of  a« 
inch,  i.  e.  eleven-hundredths  of  an  inch,  or  a  tenth  and  a  han> 
dredth.  Each  space  of  the  Vernier  therefore  overlaps  a  space  on 
the  scale  by  one-hundredth  of  an  inch.  The  manner  of  reading 
this  Vernier  is  the  same  as  in  the  last  one,  except  that  the  numbers 
nm  in  a  reverse  direction.    The  reading  of  the  figure  is  80.16. 

This  Vernier  is  the  one  generally  applied  to  the  common  Baro« 
meter,  the  zero  point  of  the  Vernier  being  brought  to  the  level  of 
the  fop  of  the  mercury,  whose  height  it  then  measures.  It  is  also 
employed  for  levelling  rods  which  read  downwards  from  the  middle 
of  the  target. 

(S48)  The  figure  below  represents  (to  double  size)  the  usual 
scale  of  the  English  Mountam  Barometer.*  The  scale  is  first 
divided  into  inches.    These  are  subdivided  into  tenths  by  the 

Fig.  228. 
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longer  U&m,  a&d  flie  shorter  lines  again  diyide  these  into  half 
tttithSy  or  to  6  hundredths.  24  of  diese  smaDer  parte  ore  set  off 
eo  the  Yermer,  and  divided  into  26  equal  pftrtB,  eaeh  of  which  is 


therefore  s= 


24  X  .05 
25 


=  .048  mch,  and  is  shorter  than  a  division 


of  the  scale  by  .050  —  .048  ==  .002,  or  two  thousandths  of  an  inch, 
a  twentj-fifth  part  of  a  division  on  the  scale,  to  which  minuteness 
the  Yemier  can  therefore  read.  The  leading  in  the  figure  is 
80.686,  (30.65  by  the  scale  and  .036  by  the  Yemier),  the  dotted 
line  marked  D  showing  where  the  coincidence  takes  place. 

(149)  Circle  divUM  lit»  degrees.  The  following  illustra- 
tions  apply  to  the  measurements  of  angles,  the  circle  being  vaii- 
ously  divided*  In  this  article,  the  circle  is  supposed  to  be  divided 
into  degrees. 

If  6  spaces  on  the  Yeroier  are  found  to  be  equal  to  5  on  the 
circle,  the  Yemier  can  read  to  <»ie«zth  of  a  space  (m  the  circle, 
L  e.  to  10'. 

If  10  spaces  on  the  Yemier  are  equal  to  9  on  the  circle,  the 
Yemier  can  read  to  one-tenth  of  a  space  on  ^e  circle,  i.  e.  to  6'. 

If  12  spaces  on  the  Yemier  are  equal  to  11  cm  the  circle,  the 
Yemier  can  read  to  one-twelfth  of  a  space  on  the  circle,  i.  e.  to  5^ 

Fig.  229. 
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The  above  figure  shows  such  an  arrangement.  The  index,  or 
lero,  of  the  Yemier  is  at  a  point  beyond  358"",  a  certain  distance, 
which  the  coincidence  of  the  tturd  Ime  of  the  Yemier  (as  indicated 
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bj  the  dotted  and  crossed  line)  shows  to  be  15'.  The  whole  read- 
ing is  therefore  358''  15'. 

K  20  spaces  on  the  Yemier  are  equal  to  19  on  the  circle,  the 
Yemier  can  read  to  one-twentieth  of  a  division  on  the  circle, 
L  e.  to  S\  English  compasses,  or  ^'  Gircumferentors,"  are  some- 
times thus  arranged. 

If  60  spaces  on  the  Vernier  are  eqnal  to  59  on  the  circle,  the 
Yermer  can  read  to  one«ziieth  of  adiyision  on  the  circle,  i.  e.  to  1\ 


(S50)  Circle  tfiidei  to  S9\    Such  a  graduation  is  a  reiy 
common  one.    The  Yemier  may  be  yariouslj  constructed. 
Suppose  30  spaces  on  the  Yemier  to  be  equal  to  29  on  the 

circle.     Each  space  on  the  Yemier  will  be  =  — kq —  =  29', 

and  win  therefore  be  less  than  a  space  of  the  circle  by  1',  to  which 
the  Yemier  will  then  read. 

Fig.  230. 


The  aboye  figure  shows  this  arrangement.  The  reading  is  0^^ 
or  860^ 

In  the  following  figure,  the  dotted  and  crossed  line  shows  what 
diyifflons  coincide,  and  the  reading  is  20^  10';  the  Yemier  being 
the  same  as  in  the  preceding  figure,  and  its  zero  being  at  a  point 
of  the  circle  10'  beyond  20^. 
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Fig.  231. 


In  the  following  figure,  fhe  reading  is  20^  40',  the  index  being 
at  a  pomt  beyond  20^  30',  and  the  additional  space  being  shown 
by  the  Vernier  to  be  10'. 

Fig.  J32. 
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Sometimes  30  spaces  on  the  Yemier  are  equal  to  31  on  the  circle. 

31  X  30' 
Each  space  on  the  Vernier  will  therefore  be  =  — ^rr —  =  31',  and 

will  be  longer  than  a  space  on  the  circle  bj  1',  to  which  it  will 
therefore  read,  as  in  the  last  case,  but  the  Vernier  will  be  ^^  retro- 
grade."   Thb  is  the  Vernier  of  the  compass.  Fig.  148.    The  pecu-  " 
liar  manner  in  which  it  is  there  applied  is  shown  in  Fig.  239. 
If  15  spaces  on  the  Vernier  are  equal  to  16  on  the  circle,  each 

=  32',  and  the  Vernier 


space  on  the  Vernier  wiU  be  &= 
win  therefore  read  to  2'. 


16 


(S51)  Circle  diyided  to  20'.     If  20  spaces  on  the  Vernier 
are  equal  to  19  on  the  circle,  each  space  of  the  latter  will  be  =a 

1Q   w    QA' 

^— Jg — =  19',  and  the  Vernier  wiU  read  to  20'  — 19'  =  1'. 

K  40  spaces  on  the  Vernier  are  equal  to  41  on  the  circle,  each 

41  X  20' 
space  on  the  Vernier  will  be  =  — j^ =  20  J' ;  and  the  Veiw 

nier  will  therefore  read  to  20  J'  —  20'  =  30".  It  will  be  retro- 
grade.  In  the  following  figure  the  reading  is  360^,  or  0°  ;  and  it 
will  be  seen  that  the  40  spaces  on  the  Vernier  (numbered  to  whole 
nunutes)  are  equal  to  13''  40'  on  the  limb,  i.  e.  to  41  spaces,  each 
of  20'. 

Fig.233. 
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If  60  spaces  on  the  Vernier  are  equal  to  59  on  the  circle,  each 
69  X  20' 
of  the  former  will  be  =  — ^ —  =  19'  40",  and  the  Vernier 
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\ 
irill  therefow  read  to  20'  — 19'  40"  =  20",    Th«  Mowmg  figaie 

shows  such  an  ammgement.    The  reading  in  that  pouium  woold 
be  40' 46' 20". 


Fig.SS4. 
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(852)  Circle  iMiti  to  15'.    If  60  spaces  on  ihe  Tender  are 
equal  to  69  on  the  circle,  each  space  on  the  Vernier  will  be  as 

^,,       =  14'  45",  and  ihe  Vernier  will  read  to  15".     In  the 
oO 

following  figure  the  reading  is  10^  20'  45",  the  indez  pointing  ta 

10^  15',  and  something  more,  which  the  Vernier  shows  to  be  5'  45". 

Fag.  236. 
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(SSS>  circle  tf  ?1M  to  10'.  K  60  spaces  on  the  Vernier  be 
equal  to  59  on  the  limb»  the  Yenuer  "will  read  to  10''.  In  the 
fi)lk)inng  figure,  the  reading  is  7^  25'  40'',  the  reading  on  the 
drcle  being  7^  20^  and  the  Yemier  showing  the  remaining  spaoe 
tpbeSMO". 

Fig.  236. 
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(8S4)  Readiig  backwards.  When  an  index  carrying  a  Yer^ 
nier  is  moved  backwards,  or  in  a  contrary  direction  to  that  in 
which  the  numbers  on  the  circle  run,  if  we  wish  to  read  the  spaoe 
which  it  has  passed  over  in  this  direction  from  the  zero  point,  the 
Yemier  must  be  read  backwards,  (i.  e.  the  highest  number  be 
called  0),  or  its  actual  reading  must  be  subtracted  firom  the  value 
of  the  smallest  spaoe  on  the  circle.  The  reason  is  plain ;  for, 
rince  the  Yemier  shows  how  &r  the  index,  moving  in  one  direc- 
tion, has  gone  past  one  division  line,  the  distance  wluch  it  is  from 
the  next  diviaon  line  (which  it  may  be  supposed  to  have  passed, 
moving  in  a  contrary  direction),  will  be  the  difference  between  the 
reading  and  the  value  of  one  space. 

Thus,  in  Yig.  229,  page  282,  the  reading  is  858''  15'.  But, 
counting  backwards  from  the  860^,  or  zero  pomt,  it  is  1^  45'. 

Caution  on  this  pomt  is  particularly  necessary  in  usmg  simH 
angles  of  deflecti<m  for  railroad  curves. 


288         TRANSIT  AND  THEODOLITE  SfrRTETDrfi.  .  [fast  it. 

(855)  Arc  of  excess*  On  die  sextant  and  similar  instro- 
ments,  the  divisions  of  the  limb  are  carried  onward  a  short  distance 
beyond  the  zero  pomt.  This  portion  of  the  limb  is  caQed  the  ^^  Are 
of  excess."  When  the  index  of  the  Vernier  points  to  tiiis  arc,  the 
reading  must  be  made  as  explained  in  the  last  article.  Thus,  in 
the  figure,  the  reading  on  the  arc  from  the  zero  of  the  limb  to  the 

Fig.  23T 
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zero  of  the  Vernier  is  4°  20',  and  something  more,  and  the  reading 
of  the  Vernier  from  10  towards  to  the  right,  where  the  lines  coin- 
cide, is  3'  20",  (or  it  is  10'  —  6'  40"  =  3'  20"),  and  the  entire 
reading  is  therefore  4°  23'  20". 

(856)  Doable  Terniers.  To  avoid  the  inconveniences  of  read- 
mg  backwards,  double  Verniers  are  sometimes  used.  The  figure 
below  shows  one  applied  to  a  Transit.    Each  of  the  Verniers  is 

Fig.  238. 
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like  iihe  one  described  in  Art.  (SSO),  Fig?.  230,  281,  and  232. 
When  the  degrees  are  counted  to  the  left,  or  aa  the  numbers  run, 
as  is  usual,  the  left-hand  Vender  is  to  be  read,  as  in  Art.  (850) ; 
but  when  the  degrees  are  counted  to  the  right,  from  the  860^  line, 
ibe  li^i-hand  Vernier  is  to  be  used. 


(SS7)  Compass-Temler.     Another  form  of  double  Vernier, 
often  applied  to  the  compass,  is  shown  in  the  following  figture.    The 

Fig.  239. 


limb  is  divided  to  half  degrees,  and  the  Vernier  reads  to  minutes, 
80  parts  on  it  being  equal  to  81  on  the  limb.  But  the  Vernier  is 
only  half  as  long  as  in  the  previous  case,  going  only  to  15',  the 
upper  figures  on  one  half  being  a  sort  of  continuation  of  the  lower 
figures  on  the  other  half.  Thus  in  moving  the  index  to  the  right, 
read  the  lower  figures  on  the  left  hand  Vernier  (it  being  retro- 
grade) at  any  coincidence,  when  the  space  passed  over  is  less  than 
15' ;  but  if  it  be  more,  read  the  upper  figures  on  the  right  hand 
Vernier :  and  vice  versa. 


[FABCIf 

CHAPTER  m. 

ADJirSTIiraTS. 

(JUS)  Xpb  ptirposes  for  which  the  Traont  and  Theodolite  (aa  veil 
aa  most  syrvejing  and  astronomical  instniments)  are  to  be  used, 
require  and  presuppose  certain  parts  and  lines  of  the  instrument 
to  be  placed  in  certain  directions  with  respect  to  others ;  these  re- 
spective directions  being  usually  parallel  or  perpendicular.  Such 
arrangements  of  their  parts  are  called  their  AdjnstmenU.  The 
same  word  is  also  applied  to  placing  these  lines  in  these  directions. 
In  the  following  explanations  the  operations  which  determine 
whether  these  adjustments  are  correct,  will  be  called  their  Verify 
cations  ;  and  the  making  them  right,  if  they  are  not  so,  their  Mee^ 
tifteatums.* 

(859)  In  observations  of  horizontal  angles  with  the  Transit  or 
the  Theodolite,!  it  is  required, 

1^  That  the  circular  plates  shall  be  horiaontal  in  whatever  way 
tiiey  may  be  turned  around. 

2^  That  the  Telescope,  when  p(unted  forward,  shall  look  in  pre- 
cisely the  reverse  of  its  direction  when  pointed  backward,  i.  e.  that 
its  two  lines  of  sight  (or  lines  of  oclfimation)  forward  and  back- 
ward shall  lie  b  tiie  same  plane. 

8^  That  the  Telescope  in  turning  upward  or  downward,  shall 
move  in  a  truly  vertical  plane,  in  order  that  the  angle  measured 
between  a  low  object  and  a  high  one,  may  be  precisely  the  same 
as  would  be  tiie  angle  measured  between  the  low  object  and  a  point 
exactiy  under  the  high  object,  and  in  the  same  horizontal  phine  as 
the  low  one. 

*  It  hai  been  well  said,  that  **  In  the  present  state  of  science  it  may  be  laid 
down  as  a  maxim,  that  every  instrnment  snonld  be  so  contrived,  that  the  obeerrer 
may  easily  examine  and  rectify  the  principal  parts ;  for,  however  careful  the 
instrument-maker  may  be,  however  perfect  the  execution  then^of,  it  is  not  possi- 
ble that  any  instrumeot  should  long  remain  accurately  fixed  in  the  position  in 
which  it  came  oat  of  the  maker's  hands." — Adamg*  **  Geometriad  and  Orapkkial  * 
Et$ayt,'*  1791. 

t  The  Theodolite  adjustments  which  relate  only  to  leveUing,  or  to  measuring 
vertical  angles,  will  not  be  here  diacossed. 
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We  shall  see  that  aU  these  adjiistments  are  finally  resolyable 
into  these ;  Ist  Making  the  yertical  axis  of  the  instrument  perpen- 
dicular to  the  plane  of  the  leveb ;  2(1.  Making  the  line  of  coUima- 
tion  perpendicular  to  its  axis ;  and  3d.  Making  this  axis  parallel 
to  the  plane  of  the  leyels.  They  are  all  best  tested  by  the  invalii- 
able  principle  of  ^^  Beyermon." 

We  haye  now,  firstly,  to  examine  whether  these  things  a^e  so, 
that  is,  to  ^^  yerif/'  the  adjustments ;  and,  secondly,  if  we  find  that 
they  are  not  so,  to  make  fhem  so,  i.  e.  to  ^^  rectify,"  or  ^^  adjust"  them 
correctly.  The  aboye  three  requirements  produce  as  many  corre- 
sponding adjustments. 

(SM)  First  a^Jistnentt  To  cause  the  circle  to  be  horizontal 
in  every  position.* 

Verification. — ^Tum  the  Vernier  plate  which  carries  the  leyels, 
till  one  of  them  is  parallel  to  one  pair  of  the  parallel  plate 
screws.  The  other  will  then  be  parallel  to  the  other  pair.  Bring 
each  bubble  to  the  middle  of  its  tube,  by  that  pair  of  screws  to 
which  it  is  parallel.  Then  turn  the  yemier  plate  half  way  around, 
i.  e.  till  the  index  has  passed  oyer  ISO"".  If  the  bubbles  remain 
in  Ihe  centres  of  the  tubes,  they  are  in  adjustment.  If  either  of 
them  runs  to  one  end  of  the  tube,  it  requires  rectification. 

Rectification. — ^The  fault  which  is  to  be  rectified  is  that  the 
plane  of  the  leyel  (i.  e.  the  plane  tangent  to  the  highest  point  of 
the  leyel  tube)  is  not  perpendicular  to  the  yertical  axis,  AA  in 
figure  214,  on  which  the  plate  turns.    For,  let  AB  represent  this 

Fig.  240.                                                      Fig.  241. 
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plane,  seen  edgeways,  and  CD  the  centre  line  of  the  yertical  axis, 

fhii  applies  equally  to  the  Tranilt  and  the  Theodolite. 

16 
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which  is  here  drawn  as  making  an  acute  angle  with  this  plane 
OQ  the  light  hand  side.  The  first  figure  represents  the  bubble 
brought  to  the  centre  of  the  tube.  The  second  figure  represents 
the  ]date  turned  half  around.  The  centre  line  of  the  axis  is  sup- 
posed to  remain  unmoved.  The  acute  angle  will  now  be  on  the 
left  hand  side,  and  the  plate  will  no  longer  be  horizontal.  Conse- 
quentlj  the  bubble  will  run  to  the  higher  end  of  the  tube.  The 
rectification  necessary  is  evidently  to  ruse  one  end  of  the  tube  and 
lower  the  other.  The  real  error  has  been  doubled  to  the  eye  by 
the  reversion.  Half  of  the  motion  of  the  bubble  was  caused  by  the 
tangent  plane  not  being  perpendicular  to  the  axis,  and  half  by  this 
axis  not  being  vertical.  Therefore  raise  or  lower  one  end  of  the 
level  by  the  screws  which  fSasten  it  to  the  plate,  till  the  bubble 
comes  about  haif  way  back  to  the  centre,  and  then  bring  it  quite 
back  by  turning  its  pw  of  parallel  plate  screws.  TJien  again 
reverse  the  vernier  plate  180^.  The  bubble  should  now  remain  in 
the  centre.  If  not,  the  operation  should  be  repeated.  The  same 
must  be  done  with  the  other  level  if  required.  Then  the  bubbles 
will  remain  in  the  centre  during  a  complete  revolution.  This 
proves  that  the  axis  of  the  vernier  plate  is  then  vertical ;  and  as 
it  has  been  fixed  by  the  maker  perpendicular  to  the  plate,  the 
latter  must  then  be  horizontal. 

It  is  also  necessary  to  examine  whether  the  bubbles  remain  in 
the  centre,  when  the  divided  circle  is  turned  round  on  its  axis. 
K  not,  the  axes  of  the  two  plates  are  not  parallel  to  each  otiier. 
The  defect  can  be  remedied  only  by  the  maker ;  for  if  the  bubbles 
be  altered  so  as  to  be  right  for  this  reversal,  they  will  be  wrong 
for  the  vernier  plate  reversal 

(361)  Second  a^Justnient*  To  came  the  line  of  collimatian  to 
revolve  in  a  plane.* 

Verification.  Set  up  the  Transit  in  the  middle  of  a  level  piece 
of  ground,  as  at  A  in  the  figure.  Level  it  carefully.  Set  a  stake, 
with  a  nail  driven  into  its  head,  or  a  chain  pin,  as  far  from  the 
mstrument  as  it  is  distinctly  visible,  as  at  B.    Direct  the  telescope 

Ihis  adjustment  is  not  the  same  in  the  Transit  and  in  the  Theodolite.     That 
for  the  Transit  will  be  fint  given,  and  that  for  the  Theodolite  in  the  next  article. 
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to  it,  and  fix  Hie  intersection  of  ike  crofls-hairs  very  precisely  upon 
it.  Clamp  the  instmment.  Measure  from  A  to  B.  Then  turn 
oyer  the  telescope,  and  set  another  stake  at  an  equal  distance  from 
the  Transit,  and  also  precisely  in  the  line  of  sight.  If  the  line  of 
coUimation  has  not  continued  in  the  same  plane  during  its  half-reyo- 
lution,  this  stake  irill  not  be  at  E,  but  to  one  side,  as  at  C.  To 
discover  the  truth,  loosen  the,clamp  and  turn  the  yemier  plate  half 
around  ?rithout  touching  the  telescope.  Sight  to  B,  as  at  first,  and 
again  clamp  it.  Then  torn  oyer  the  telescope,  and  the  line  of  sight 
ynH  strike,  as  at  D  in  the  figure,  as  &r  to  the  right  of  the  point,  as 
it  did  before  to  its  left. 

BecUficatian.  The  fault  which  is  to  be  rectified,  is  that  the  line 
of  coDimation  of  the  telescope  is  not  perpendicular  to  the  hoiuontal 
ans  on  which  the  telescope  reyolyes.  This  will  be  seen  by  the 
figures,  which  represent  the  position  of  the  lines  in  each  of  the  four 

A 
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observations  which  have  been  made.  In  each  of  the  figures  the 
long  thick  line  represents  the  telescope,  and  the  short  one  the  axis 
on  which  it  turns.    In  ¥\g,  243  the  line  of  sight  is  directed  to  B. 
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In  Fig.  244  the  telescope  has  been  turned  over,  and  with  it  the 
axis,  so  that  the  obtuse  angle,  marked  0  in  the  first  figure,  has 
taken  the  place,  0',  of  the  acute  angle,  and  the  telescope  points  to 
C  instead  of  to  E.  In  Fig.  245  the  vernier  plate  has  been  turned 
half  around  so  as  to  point  to  B  again,  and  the  same  obtuse  angle 
has  got  around  to  0'\  In  Fig.  246  the  telescope  has  been  turned 
over,  the  obtuse  angle  is  at  0'^',  and  the  telescope  now  points  to  D. 

To  make  the  line  of  coUimation  perpendicular  to  the  axis,  the 
former  must  have  its  direction  changed.  This  is  effected  by  mov« 
mg  the  vertical  hair  the  proper  distance  to  one  side.  As  was 
ejqplained  in  Art.  (880),  and  represented  in  Fig.  217,  the  crosa- 
hairs  .are  on  a  ring  held  by  four  screws.  By  loosening  the  left- 
hand  screw  and  tightening  the  righ^hand  one,  the  ring,  and  with 
it  the  cross-hairs,  will  be  drawn  to  the  right ;  and  vice  versa.  Two 
holes  at  right  angles  to  each  other  pass  through  the  outer  heads  of 
the  screws.  Into  these  holes  a  stout  steel  wire  is  inserted,  and 
the  screws  can  thus  be  turned  around.  Screws  so  made  are  called 
^^  capstan-headed."  One  of  the  other  pair  of  screws  may  need  to 
be  loosened  to  avoid  straimng  the  threads.  In  some  French  instru- 
ments, one  of  each  pair  of  screws  is  replaced  by  a  sprmg. 

To  find  how  much  to  move  tins  vertical  hair,  measure  from  C  to 
D,  Fig.  242,  page  243.  Set  a  stake  at  the  middle  point  £,  and 
set  another  at  the  point  F,  midway  between  D  and  £.  Move  the 
vertical  hair  till  the  line  of  sight  strikes  F.  Then  the  instrument 
is  adjusted ;  and  if  the  line  of  sight  be  now  directed  to  £,  it  will 
strike  B,  when  the  telescope  is  turned  over;  since  the  hair  is 
moved  half  of  the  doubled  error,  DE.  The  operation  will  gene- 
rally require  to  be  repeated,  not  being  quite  perfected  at  first. 

It  should  be  remembered,  that  if  the  Telescope  used  does  not 
invert  objects.  Its  eye-piece  will  do  so.  Consequently,  with  such  a 
telescope,  if  it  seems  tiiat  the  vertical  hair  should  be  moved  to  the 
left,  it  must  be  moved  to  the  right,  and  vice  versa.  An  inverting 
telescope  does  not  invert  the  cross-hairs. 

If  the  young  surveyor  has  any  doubts  as  to  the  perfection  of  his 
rectification,  he  may  set  another  stake  exactiy  under  the  instrument 
by  means  of  a  plumb-line  suspended  firom  its  centre ;  and  then,  in 
like  manner,  set  his  Transit  over  B  or  £.    He  will  find  that  the 
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other  two  stakes,  A  and  the  extreme  one,  are  in  the  same  straight 
line  with  his  instniment. 

In  some  instraments,  the  horizontal  axis  of  the  telescope  can  be 
taken  out  of  its  supports,  and  turned  over,  end  for  end.  In  such 
a  case,  the  line  of  sight  may  be  directed  to  any  well  defined  point, 
and  the  axis  then  taken  out  and  turned  over.  If  the  line  of  sight 
again  strikes  the  same  point,  this  line  is  perpendicular  to  the  axis. 
If  not,  the  apparent  error  is  double  the  real  error,  as  appears  from 
the  figures,  the  obtuse  angle  0  coming  to  0',  and  the  desired  per* 

Fig.  247.    B» — A)^ %: 


Fig.  248.  B  - 


pendicular  line  falling  at  C  midway  between  B  and  B'.  The  rec- 
tification may  be  made  as  before ;  or,  in  some  large  instruments,  in 
which  the  telescope  is  supported  on  Ys?  by  moving  one  of  the  Y^ 
laterally. 

(M2)  The  Theodolite  must  be  treated  difierently,  since  its  tele- 
scope does  not  reverse.  One  substitute  for  this  reversal,  when  it 
is  desired  to  range  out  a  line  forward  and  backward  from  one  star 
tion,  is,  after  sighting  in  one  direction,  to  take  the  telescope  oik  of 
ttie  Yb  and  turn  it  end  for  end,  to  sight  in  the  reverse  direction. 
This  it  can  be  made  to  do  by  adjusting  its  line  of  collimation  as 
explained  in  the  last  article.  Another  substitute  is,  after  sighting 
in  one  direction,  and  noting  the  reading,  to  turn  the  vernier  plate 
around  exactly  180^.  But  this  supposes  not  only  that  the  gradua- 
tion is  perfectly  accurate,  but  also  that  the  line  of  collimation  is 
exactly  over  the  centre  of  the  circle.  To  test  this,  after  sightmg 
to  a  point,  and  noting  the  reading,  take  the  telescope  out  of  the 
Ys  and  turn  it  end  for  end,  and  then  turn  the  vernier  plate 
around  exactly  180^.  If  the  line  of  sight  again  strikes  the  same 
p(nnt,  the  latter  condition  exists.    If  not,  the  maker  must  remedy 
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4he  defect    Thb  error  of  eccentricity  is  ainular  to  that  ezplainod 
with  respect  to  the  compass,  in  the  latter  part  of  Art.  (22C). 

(MS)  ThM  a^JustBent.  To  cause  the  line  of  eolUmaiion  to 
revolve  in  a  vertical  plane  * 

Verificaiian.  Suspend  a  long  plumb-line  from  some  high  point 
Seit  the  instrument  near  this  line,  and  level  it  carefully.  Direct 
the  telescope  to  the  plumb-line,  and  see  if  the  intersection  of  the 
cross-hairs  follows  and  remains  upon  this  line,  when  the  telescope 
is  turned  up  and  down.    If  it  does,  it  moves  in  a  vertical  plane. 

The  angle  of  a  new  and  well-built  house  will  fv.rm  an  imperfect 
substitute  for  the  plumb-line.  « 

Otherwise ;  the  instrument  being  set  up  and  levelled  as  above, 
place  a  basin  of  some  reflecting  liquid  (quicksilver  being  the  best, 
though  molasses,  or  oil,  or  even  water,  will  answer,  though  less  per- 
fectly,) so  that  the  top  of  a  steeple,  or  other  point  of  a  high  object, 
can  be  seen  in  it  through  the  telescope  by  reflection.  Make  the 
intersection  of  the  cross-hairs  cover  it.  Then  turn  up  the  tele- 
scope, and  if  the  intersection  of  the  cross-hairs  bisects  also  the 
object  seen  directiy,  the  line  of  sight  has  moved  in  a  vertical  plane. 
If  a  star  be  taken  as  the  object,  the  star  and  its  reflection  will  be 
equivalent  (if  it  be  nearly  over  head)  to  a  plumb-line  at  least  fifty 
nullion  million  miles  long. 

Otherwise ;  set  the  instrument  as  close  as  possible  to  the  base 
of  a  steeple,  or  other  high  object ;  level  it,  and  direct    Fi&  ^49 
it  to  the  top  of  the  steeple,  or  to  some  other  elevated         ^ 
and  well  defined  pomt.     Clamp  the  plates.    Turn  down 
the  telescope,  and  set  up  a  pin  in  the  ground  pre- 
cisely "  in  line."    Then  loosen  the  clamp,  turn  over 
the  telescope,  and  turn  it  half-way  around,  or  so 
far  as  to  again  sight  to  the  high  pomt.      Clamp        i 
the  plates,  and  again  turn  down  the  telescope.    If       / 

the  line  of  sight  again  strikes  the  pin,  the  telescope    / 

has  moved  in  a  vertical  plane.    If  not,  the  apparent  1^   f    ^ 
error  is  double  the  real  error.    For,  let  S  be  the  top  of  the  steeple, 

*  This  applies  to  both  thd  Transit  and  the  Theodolite,  with  the  exception  of  tho 
method  of  verification  by  the  steeple  and  pin,  which  applies  only  to  the  Tnmsit. 
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(Fig.249)  and  P  the  pin ;  then  the  plane  in  which 
ifae  telescope  moyes,  seen  edgewise,  is  SP' ;  and, 
after  bemg  turned  around,  the  line  of  u^t 
moYCS  in  the  plane  SP'^,  as  fJEur  to  one  side  of 
the  vertical  plane  SP,  as  SP'  was  on  the  other 
fflde  of  it 

Iteetificatian.  Since  the  second  adjustipent 
causes  the  line  of  sight  to  move  in  a  plane  per- 
pendicular to  the  axis  on  which  it  turns,  it  will 
move  in  a  vertical  plane  if  that  axis  be  hori- 
lontal.  It  may  be  made  so  by  filing  off  the 
feet  of  the  standards  which  support  the  higher 
end  of  the  axis.  This  will  be  best  done  by  the 
maker.  In  some  instruments  one  end  of  the 
axis  can  be  raised  or  lowered. 

(M4)  Centring  eye-pieee.  In  some  in- 
struments, such  as  that  of  which  a  longitudinal 
section  is  shown  in  the  margin,  the  inner  end 
of  the  eye-piece  tnay  be  moved  so  that  the 
cross-hairs  shall  be  seen  precisely  in  the  cen- 
tre of  its  field  of  view.  This  is  done  by  means 
of  four  screws,  arranged  in  piurs,  like  those  of 
the  cross-hair-ring  screws,  and  capable  of  mov- 
ing the  eye-piece  up  and  down,  and  to  right 
or  left,  by  loosening  one  and  tightening  the 
opposite  one.  Two  of  them  are  shown  at  A,  A, 
in  the  figure ;  in  which  B,  B,  are  two  of  the 
croes^iair  screws. 

(MS)  Centring  object-glass.  In  some 
instruments  four  screws,  similarly  arranged, 
two  of  which  are  shown  at  C,  C,  can  move,  in 
any  direction,  the  inner  end  of  the  slide  which 
carries  the  object-glass.  The  necessity  for 
such  an  arrangement  arises  from  the  impossi- 


Fig.250. 
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bility  of  drawing  a  tabe  perfectly  straight.  Consequentljy  iiie 
line  of  collimation,  when  the  tabe  is  drawn  in,  will  not  coincide  with 
the  same  line  when  the  tube  is  pushed  out.  If  adjusted  for  one 
position^  it  will  therefore  be  wrong  for  the  other.  These  screws, 
however,  can  make  it  ri^t  in  both  positions.  They  are  used  as 
follows. 

Sight  to  some  well  defined  point  as  far  off  as  it  can  be  distinctly 
seen.  Then  revolye  the  telescope  half  around  in  its  supports; 
t.  e.  turn  it  upside  down**  If  the  line  of  collimation  was  not  in 
the  imaginary  axis  of  the  rings  or  collars  on  which  the  telescope 
rests,  it  will  now  no  longer  bisect  the  object  sighted  to.  Thus, 
if  the  horizontal  hair  was  too  high,  as  in  Fig.  251«  this  line  of 

Fig.  251. 


eoUimation  would  point  at  first  to  A,  and  after  bemg  turned  over,  it 
would  point  to  B.  The  error  is  doubled  by  the  reversion,  and  it 
should  point  to  C,  midway  between  A  and  B.  Make  it  do  so,  by  un- 
screwing the  upper  capstan-headed  screw,  and  screwing  m  the  lower 
one,  tall  the  horizontal  htdr  is  brought  half  way  back  to  the  point 
Remember  that  in  an  erecting  telescope,  the  cross-hairs  are  reversed, 
and  vice  versa.  Bring  it  the  rest  of  the  way  by  means  of  the 
parallel  plate  screws.  Then  revolve  it  in  the  Ys  back  to  its  orig- 
inal position,  and  see  if  the  intersection  of  the  cross-hairs  now 
bisects  the  point,  as  it  should.  If  not,  agun  revolve,  and  repeat 
the  operation  till  it  is  perfected.  If  the  vertical  hair  passes  to  the 
right  or  to  the  left  of  the  point  when  the  telescope  is  turned  half 
around,  it  must  be  adjusted  in  the  same  manner  by  the  other  pair 
of  cross-hairs  screws.  One  of  these  adjustments  may  disturb  the 
other,  and  they  should  be  repeated  alternately.  When  they  are 
perfected,  the  intersection  of  the  cross^hairs,  when  once  fixed  on  a 
point,  will  not  move  firom  it  when  the  telescope  is  revolved  in  its 

in  Theodolitei,  the  Telescope  is  revolved  in  the  Ys.  It  Transits,  the  maker, 
by  whom  this  adjustment  is  nstially  performed,  revolves  the  Telescope,  in  the 
same  manner,  before  it  is  fixed  in  its  cross-bar. 
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sapports.  This  double  operation  is  called  adi}u%ting  the  line  of 
eoTUmaiion.* 

This  line  is  now  adjusted  for  distant  objects.  It  would  be  so  for 
near  ones  also,  if  the  tube  were  perfectly  straight.  To  test  this, 
d^t  to  some  point,  as  near  as  is  distinctly  visible.  Then  turn  the 
telescope  half  oyer.  If  the  intersection  does  not  now  bisect  the 
point,  bring  it  half  way  there  by  the  screws  C,  C,  of  Rg.  260, 
moving  only  one  of  the  hairs  at  a  time,  as  before.  Then  repeat 
the  former  adjustment  on  the  distant  object.  If  this  is  not  quite 
perfect,  repeat  the  operation. 

This  adjustment,  in  instruments  thus  arranged,  should  precede 
the  first  one  which  we  have  explained.  It  is  usually  performed 
by  the  maker,  and  its  screws  are  not  visible  in  the  Transit,  being 
enclosed  in  the  ball  seen  where  the  telescope  is  connected  with 
the  cross-bar.t 

AH  the  adjustments  should  be  meddled  with  as  littie  as  possible, 
lest  the  screws  should  get  loose ;  and  when  once  made  right  they 
should  be  kept  so  by  careful  usage. 

*  This  "adjastment  of  the  line  of  collimation*'  has  merely  hron^ht  the  ioterseo- 
tion  of  the  cro68-hain  (which  fixes  the  line  of  si^ht)  into  the  line  joining  the  cen- 
tres of  the  collars  on  which  the  telescope  tnms  in  the  Ys ;  but  the  maker  is^  sup- 
posed to  have  originallv  fixed  the  optical  axis  of  thetelescope,  (i.  e.  the  line  joining 
the  optical  centres  of  the  glasses),  m  the  same  line. 

t  The  adjustment  of  "  Centring  the  object-glass  is  the  invention  of  If eisrsb 
Gorley,  of  Troy. 
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CHAPTER  IV. 

THE  FIELD-WORK. 

(tM)  T4I  aeasire  a  h^rlzonUl  aigle.  Set  up  the  instrament 
•0  that  ito  centre  shall  be  Fig.  252. 

exactlj  oyer  the  aoga- 
lar  point,  or  m  the  in- 
tersection of  the  two 
lines  whose  difference  of 
direction  is  to  be  measured;  as  at  B  in  the  figure.  A  plumb 
line  must  be  suspended  from  under  the  centre.  Dr&pping  a 
stone  is  an  imperfect  substitute  for  this.  Set  the  instrument 
so  that  its  lower  parallel  plate  may  be  as  nearly  horizontal  as 
possible.  The  levels  will  serve  as  guides,  if  the  four  parallel-plate 
screws  be  first  so  screwed  up  or  down  that  equal  lengths  of  them 
shall  be  above  the  upper  plate.  Then  level  the  instrument  care- 
fully, as  in  Art.  (SS8).  Direct  the  telescope  to  a  rod,  stake,  or 
other  object,  A  in  the  figure,  on  one  of  the  lines  which  form  the 
angle.  Tighten  the  clamps,  and  by  the  tangent^crew,  (see  Art. 
(S36)),  move  the  telescope  so  that  the  intersection  of  the  cross- 
hairs shall  very  precisely  bisect  this  object.  Note  the  reading  of 
the  vernier,  as  explamed  in  the  preceding  chapter.  Then  loosen 
the  clamp  of  the  vernier,  and  direct  the  telescope  on  the  other  line 
(as  to  G)  precisely  as  before,  and  again  read.  The  difference  of 
the  two  readings  will  be  the  desired  angle,  ABC.  Thus,  if  the 
first  reading  had  been  40^  and  the  last  190°,  the  angle  would  be 
ISO**.  If  the  vernier  had  passed  860"*  in  turning  to  the  second 
object,  860^  should  be  added  to  the  last  reading  before  subtract- 
ing. Thus,  if  the  first  reading  had  been  SOO'',  and  the  last  read- 
ing 90^,  the  angle  would  be  found  by  calling  the  last  reading,  as 
it  really  is,  360*  +  90*  =  450%  and  tiien  subtracting  300°. 

It  is  best  to  sight  first  to  the  left  hand  object  and  then  to  the 
right  hand  one,  turning  '^  with  the  sun,"  or  like  the  hands  of  a 
watch,  smce  the  numbering  of  the  degrees  usually  runs  in  that 
direction. 
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It  18  convenient,  though  not  necessary,  to  be^  by  setting  the 
yemier  at  zero,  by  the  apper  movement  (that  of  the  vernier  plate 
on  the  circle)  and  then,  by  means  of  the  lower  motion,  (that  of 
the  whole  instrument  on  its  axis),  to  direct  the  telescope  to  the  first 
object.  Then  fasten  the  lower  clamp,  and  sight  to  the  second 
object  as  before.  The  reading  will  then  be  the  angle  desired. 
An  objection  to  this  is  that  the  two  verniers  seldom  read  alike.* 

After  one  or  more  angles  have  been  observed  from  one  pomt, 
the  telescope  must  be  dbected  back  to  the  first  object,  and  the 
reading  to  it  noted,  so  as  to  make  sure  that  it  has  not  slipped^ 
A  watch-telescope  (see  Art.  839)  renders  this  unnecessary. 

The  error  arising  from  the  instrument  not  being  set  precisely 
over  the  centre  of  the  station,  will  be  greater  the  nearer  the  object 
flghted  to.  Thus  a  difference  of  one  inch  would  cause  an  error  of 
only  3''  in  the  apparent  direction  of  an  object  a  mile  distant,  but 
one  of  nearly  3'  at  a  distance  of  a  hundred  feet. 

(867)  Redietlom  of  Ugh  and  tow  objects.  When  one  of  the 
objects  sighted  to  is  higher  than  the  other,  the  ^^  plunging  tele* 
■cope"  of  these  instruments  causes  the  angle  measured  to  be  the 
true  horizontal  angle  desired ;  i.  e.  the  same  angle  as  if  a  pomt 
exactly  under  the  high  object  and  on  a  level  witii  the  low  object 
(or  vice  versa)  had  been  sighted  to.  For,  the  telescope  has  been 
caused  to  move  in  a  vertical  plane  by  the  8d  adjustment  of  Chap- 
ter n,  and  the  angle  measured  is  therefore  the  angle  between  the 
vertical  planes  which  pass  through  the  two  objects,  and  which 
^  project"  the  two  lines  of  sight  on  the  same  horizontal  plane. 

This  constitutes  the  great  practical  advantage  of  these  instru- 
ments over  those  which  are  held  in  the  planes  of  the  two  oojects 
observed,  such  as  the  sextant,  and  the  ^^  circle"  much  used  by  the 
French. 

*  The  learner  will  do  well  to  ^ange  his  own  precision  and  that  of  the  instrument 
(and  he  may  rest  assured  that  his  own  will  be  the  one  chiefly  in  fault)  h^  measuiw 
ing,  from  any  station,  the  angles  between  successive  poinu  all  around  him,  till  he 
gets  back  to  the  first  point,  beginning  at  different  parts  of  the  circle  for  each  anglcb 
The  sum  of  all  these  angles  thanld  exactly  equal  360*.  He  will  probably  &d 
iimte  a  difference  from  that 
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(MS)  Nototlon  of  ugles.  The  angles  observed  may  be 
noted  in  various  ways.  Thus,  the  observation  of  the  angje  ABC, 
in  Kg.  252,  may  be  noted  "  At  B,  from  A  to  0, 150%"  or  better, 
"  At  B,  between  A  and  C,  160'."    In  column  form,  this  becomes 

Between  A|160**|and  0. 
At  I  B  I 
When  the  vernier  had  been  set  at  zero  before  sighting  to  the 
first  object,  and  other  objects  were  then  sighted  to,  those  objects, 
the  readings  to  which  were  less  than  180**,  will  be  on  the  left  of 
tne  first  line,  and  those  to  which  the  readings  were  more  than 
180o»  will  be  on  its  ri^t,  looking  in  the  direction  in  which  thesur- 
vey  is  proceedmg,  from  A  to  B,  and  so  on.* 

'  (869)  Probable  errtn  When  a  number  of  separate  observa- 
tions of  an  angle  have  been  made,  the  mean  .or  average  of  them  all, 
(obtained  by  dividing  the  sum  of  the  readmgs  by  their  number,) 
is  taken  as  the  true  reading.  The  *^  Probable  error"  of  this  mean, 
is  the  quantity,  (minutes  or  seconds)  which  is  such  that  there  is  an 
even  chance  of  the  real  error  being  more  or  less  than  it.  Thus, 
if  ten  measurements  of  an  angle  gave  a  mean  of  85^  18',  and  it 
was  aen  equal  wager  that  the  error  of  thift  result,  too  much  or  too 
little,  was  half  a  minute,  then  half  a  minute  would  be  the  ^^  Probable 
error"  of  this  determination.  This  probable  error  is  equal  to  the 
square  root  of  the  sum  of  the  squares  of  the  errors  (i.  e.  the  differ- 
ences of  each  observation  from  the  mean)  divided  by  the  number 
of  observations,  and  multiplied  by  the  decimal  0.674489. 

The  same  result  would  be  obtained  by  using  what  is  called 
^^  The  wdgM^  of  the  observation.  It  is  equal  to  the  square  of 
the  number  of  observations  divided  by  twice  the  sum  of  the  squares 
of  the  errors.  The  "  Probable  error"  is  equal  to  0.476986  divided 
by  the  square  root  of  the  weight.  These  rules  are  proved  by  the 
«  Theory  of  Probabilities." 

(S70)   To  repeat  m  angle.    Begin  as  m  Art.  (366),  an 
measure  the  angle  as  there  directed.     Then  unclamp  below, 
and  turn  the  circle  around  till  the  telescope  is  again  directed  to 
the  first  object,  and  made  to  bisect  it  precisely  by  the  lower  tan- 

*ThU  ia  yery  lueful  in  preventing  any  ambiguity  in  the  field-notes. 
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gent  screw.  Tben  uQclamp  above  aad  turn  the  yernier  plate  tall 
the  telescope  again  points  to  the  second  object,  the  first  reading 
remaining  tinchanged.  The  angle  inll  now  hare  been  measured  a 
second  time,  but  on  a  part  of  the  circle  adjoining  that  on  which  it 
was  first  measured,  the  second  arc  be^nning  where  the  first  ended. 
The  difference  between  the  first  and  last  readings  will  therefore  be 
twice  the  angle. 

This  operation  may  be  repeated  a  third,  a  fourth,  or  any  num« 
ber  of  times,  always  turning  the  telescope  back  to  the  first  object 
by  the  lower  movement,  (so  as  to  start  with  the  reading  at  which 
the  preceding  observation  left  off)  and  turning  it  to  the  second 
object  by  the  upper  movement.  Take  the  difference  of  the  first 
and  last  readings  and  divide  by  the  nxmiber  of  observations. 

The  advantage  of  this  method  is  that  the  errors  of.  observation 
(i.  e.  nghtmg  sometimes  to  the  right  and  sometimes  to  the  left  of 
the  true  point)  balance  each  other  in  a  number  of  repetitions ; 
while  the  constant  error  of  graduation  is  reduced  in  proportion  to 
this  number.  This  beautiful  principle  has  some  imperfections  in 
practice,  probably  arising  from  thit  slipping  and  stnuning  of  the 
clamps. 

(S71)  Angles  of  deflectton.  The  angle  of  deflection  of  one 
line  from  another,  is  the  Fig.  253. 

angle    which    one    line  ^^c 

makes  with    the    other  ^/^ 

line  produced.    Thus,  in  ^t^^i       .. b' 

the  figure,  the  angle  of  ^^i^ 

deflection  of  BC   from 

AB,  is  B'BC.    It  is  evidently  the  supplement  of  the  angle  ABG. 

To  measure  it  with  the  Tran^it^  set  the  instrument  at  B,  direct 
the  telescope  to  A,  and  then  turn  it  over.  It  will  now  point  in  the 
direction  of  AB  produced,  or  to  B',  if  the  2d  adjustment  of  Chapter 
n,  has  been  performed.  Note  the  reading.  Then  direct  the 
telescope  to  G.  Note  the  new  reading,  and  their  difference  will 
be  the  required  angle  of  deflection,  B3G. 

If  the  vernier  be  set  at  zero,  before  taking  the  first  observation, 
tbe  readings  for  objects  on  the  right  of  the  first  Ime  will  be  less  than 
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180'',  and  more  than  180^  for  objects  on  the  left ;  conrerselj  to 
Art.  (168). 

(S72)  Line  snireytnf  •  The  eorFey  of  a  line,  sncli  as  a  road, 
kc.j  can  be  made  by  the  Theodolite  or  Transit,  with  great  precis- 
ion ;  measuring  the  angle  which  each  line  makes  with  the  preced- 
mg  line,  and  noting  their  lengths,  and  the  necessary  ofiEsets  on  each 
ffiide. 

Short  lines  of  sight  should  be  avoided,  since  a  sli^t  inaccuracy 
in  setting  the  centre  of  the  instrument  exactly  over  or  under  the 
point  previously  sighted  to,  would  then  much  affect  the  angle,  as 
noticed  at  close  of  Art.  (866).  Very  great  accuracy  can  be  ob- 
tained by  using  three  tripods.  One  would  be  set  at  the  first  star 
tion  and  sighted  back  to  from  the  instrument  placed  at  the  second 
station,  and  a  forward  sight  be  then  taken  to  the  third  tripod  placed 
at  the  third  station.  The  instrument  w6uld  then  be  set  on  this 
third  tripod,  a  back  sight  taken  to  the  tripod  remidning  on  the  se- 
cond station,  and  a  foresight  taken  to  the  tripod  brought  from  the 
first  station  to  the  fourth  station ;  to  which  the  instrument  is  next 
taken :  and  so  on.    This  is  especially  valuable  in  surveys  of  mines. 

The  field-notes  may  be  taken  as  <^6cted  in  Chapter  HI  of  Com- 
pass Surveying,  pages  149,  &c.,  the  angles  taking  the  place  of 
the  Bearings.  The  "  Checks  by  intersecting  Bearings,"  explained 
in  Art.  (246),  should  also  be  employed.  The  angles  made  on  each 
side  of  the  stations  may  both  be  measured,  and  the  equahty  of  their 
sum  to  360°,  would  at  once  prove  the  accuracy  of  the  work. 

If  the  magnetic  Bearing  of  any  one  of  the  lines  be  ^ven,  and 
that  of  any  of  the  other  lines  of  the  series  be  required,  it  can  be 
deduced  by  constructing  a  diagram,  or  by  modifications  of  the  rules 
ipven  for  ilie  reverse  object,  in  Art.  (24S). 

(S7S)  Traversing :  Or  Sirveylng  by  tke  back-angle.  This  is 
a  method  of  observing  and  recording  the  different  directions  of  suc- 
cessive portions  of  a  line,  (such  as  a  road,  the  boundaries  of  a  farm, 
&c.,)  so  as  to  read  off  on  the  instrument,  at  each  station,  the  angle 
which  each  line  makes — not  with  the  preceding  line,  but — with  the  . 
first  line  observed.  This  line  is,  therefi>re,  called  the  meridian  of 
that  survey. 


Set  up  the  instrament  at  the  first  angle,  or  second  station,  (B, 
IB  the  figure),  of  the  line  to  be  surveyed.  Sight  to  A  and  then  to 
C.  Clamp  the  vernier,  and  take  the  instrument  to  G.  Loosen 
the  lower  clamp,  and  direct  the  telescope  to  B,  the  reading  remain- 
ing as  it  was  at  B.  Clamp  below,  loosen  above,  and  sight  to  D. 
The  reading  of  the  instrument  will  be  the  angle  which  the  line  CD 
makes  with  the  first  line,  or  Meridian,  AB. 

Take  the  instrument  to  D.  Sight  back  to  C,  and  then  forward 
to  E,  as  before  directed,  and  the  reading  of  the  instrument  will  be 
&e  angle  which  DE  makes  with  AB. 

So  proceed  for  any  number  of  lines. 

When  the  Transit  is  used,  the  •  angles  of  deflection  of  each  line 
from  the  first,  obtained  by  reversing  the  telescope,  may  be  used  in 
^^  Traversing,"  and  with  much  advantage  when  the  successive 
lines  do  not  differ  greatly  in  their  directions. 

The  survey  represented  in  the  figure, 
is  recorded  in  the  first  of  the  accompa- 
nying Tables,  as  observed  with  the  The- 
odolite ;  and  in  the  second  Table,  as 
observed  with  the  Transit. 

The  chief  advantage  of  this  method  is  its  greater  rapidity  in  the 
field  and  in  platting,  the  angles  being  all  laid  down  from  one  meri- 
dian, as  in  Compass-surveying.  This  also  increases  the  accuracy 
of  the  plat,  since  any  error  in  the  direction  of  one  line  does  not 
affect  the  directions  of  the  following  lines.* 

(S74)  Use  of  tbe  Compass*  The  chief  use  of  the  Compass 
attached  to  a  Transit  or  Theodolite,  is  as  a  check  on  the  observa- 
tions ;   for  the  difference  between  the  magnetic  Bearings  of  any 

*  If  there  are  two  rernien ;  take  care  always  to  read  the  degrees  from  the 
same  Temier.    Mark  it  A. 


A 

0° 

B 

200» 

C 

60° 

D 

180° 

E 

300" 

F 

210° 

0 

250° 

A 

0° 

B 

20° 

0 

60° 

D 

0° 

E 

300° 

F 

30° 

G 

260° 
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two  lines  should  be  the  same,  approximatelj,  as  the  angle  between 
them,  measured  by  the  more  accurate  insiaruments.  The  Bearing 
also  prevents  any  ambiguity,  as  to  whethei^an  angle  was  taken  to 
the  right  or  to  the  left. 

The  instrument  may  also  be  used  like  a  sunple  compass,  the  tele- 
scope taking  the  place  of  the  sights,  and  requiring  similar  tests  of 
accuracy.  A  more  precise  way  of  taking  a  Bearing  is  to  turn  the 
plate  to  which  the  compass  box  is  attached,  till  the  needle  points 
to  zero,  and  note  the  reading  of  the  yemier ;  then  sight  to  the 
object,  and  again  read  the  Tender.  The  Bearing  will  thus  be 
obtained  more  minutely  than  the  divisions  on  the  compass  box 
could  ^ye  it. 

(S75)  MeasiiriBg  ilstances  witk  a  telescope  ani  ro4»     On 

the  cross-hair  ring,  described  in  Art.  (830),  stretch  two  more  hori- 
sontal  spider-threads  at  equal  distances  above  and  below  the  oii^ 
nal  one  ;  or  all  may  be  replaced  by  a  plate  of  thin      Fig.255. 

-  glass,  placed  precisely  in  the  focus,  with  the  necessary 
lines,  as  in  the  figure,  etched  by  fluoric  acid.  Let  a 
rod,  10  or  15  feet  long,  be  held  up  at  1000  feet  off,  and 

*let  there  be  marked  on  it  predsely  the  length  which 
the  distance  between  two  of  these  lines  covers.  Let  this  be  subdi- 
vided as  minutely  as  the  spaces,  painted  alternately  white  and 
red  and  numbered,  can  be  seen.  If  ten  subdivisions  are  made, 
each  will  represent  a  distance  of  100  feet  off,  and  so  on.  Con- 
tinue these  divisions  over  the  whole  length  of  the  rod.  It  is  now 
ready  for  use.  The  French  call  it  a  stadia.  When  it  is  held  up 
at  any  unknown  distance,  the  number  of  divisions  on  it  intercepted 
between  the  two  lines,  will  indicate  the  distance  with  considerable 
precision.    It  should  be  tested  at  various  distancea. 

A  '^  Levelling-rod,"  divided  into  feet,  tenths  and  hundredths, 
may  be  used  as  a  stadia^  with  less  convenience  but  more  predmon. 
Experiments  must  previously  determine  at  what  distances  the 
space  between  the  lines  in  the  telescope  covers  one  foot,  &c.  Then, 
at  any  unknown  distance,  let  the  sliding  "  target"  of  the  rod  be 
moved  till  one  line  bisects  it,  and  its  place  on  the  rod  be  read  off; 
let  the  target  be  then  moved  so  that  the  other  line  bisects  it  and  let 
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•  its  place  be  again  noted.  Then  the  required  distance  thII  be  eqnal  to 
the  difference  of  the  readings  on  the  rod,  in  feet,  multipUed  by  the 
distance  at  which  a  foot  was  intercepted  between  the  lines. 

One  of  the  horizontal  hiurs  may  be  made  movable,  and  its  dis- 
tance from  the  other,  when  the  space  between  them  exactly  covers 
an  object  of  known  height,  can  be  very  precisely  measured  by 
counting  the  number  of  turns  and  fittctions  of  a  turn,  of  a  screw 
by  which  this  movable  hair  is  raised  or  lowered.  A  simple  pro* 
portion  will  then  ^ve  the  distance. 

On  sloping  ground  a  double  correction  is  necessary  to  reduce 
the  slope  to  the  horizon  and  to  correct  the  oblique  view  of  the  rod. 
The  horizontal  distance  is,  in  consequence,  approximately  equal  to 
the  observed  distance  multiplied  by  the  square  of  the  cosme  of  the 
slope  of  the  ground. 

The  latter  of  the  above  two  corrections  will  be  dispensed  with 
by  holding  the  rod  perpendicular  to  ^e  line  of  sight,  with  the  aid 
of  a  right  angled  triangle,  one  side  of  which  comcides  with  the  rod 
at  the  height  of  the  telescope,  and  the  other  side  of  which  adjoining 
the  right  angle,  is  caused,  by  leaning  the  rod,  to  point  to  the  tele- 
scope. 

Other  contrivances  have  been  used  for  the  same  object,  such  as 
a  Binocular  Telescope  with  two  eye-pieces  inclined  at  a  certain 
angle;  a  Telescope  with  an  object-glass  cut  mto  two  movable 
parts;  &c. 

(376)  Rangiiig  oit  lines*  This  is  the  converse  of  Surveymg 
Hues.  The  instrument  is  fixed  over  the  first  station  with  great 
precision,  its  telescope  being  very  carefully  adjusted  to  move  in  a 
vertical  plane.  A  series  of  stakes,  with  nails  driven  in  their  tops, 
or  otherwise  well  defined,  ar.e  then  set  m  the  desired  line  as  far 
as  the  power  of  the  instrument  extends.  It  is  then  taken  forward 
to  a  stake  three  or  four  from  the  last  one  set,  and  is  fixed  over  it, 
first  by  the  plumb  and  then  by  righting  backward  and  forward  to 
the  first  and  last  stake.  The  line  is  then  continued  as  before.  A 
good  object  for  a  long  sight  is  a  board  painted  like  a  target,  with 
black  and  white  concentric  rings,  and  made  to  slide  in  grooves  cut 
in  the  tops  of  two  stakes  set  in  the  ground  about  in  the  line.    It 

17 
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is  moved  till  the  yertical  hair  bisectB  the  circles  (which  the  eye 
can  detenmne  with  great  precision)  and  a  plumb-line  dropped  fr(»n 
their  centre,  ^yes  the  place  of  the  stake.  ^^  Mason  &  Dixon's 
Une''  was  thus  ranged. 

If  a  Transit  be  used  for  ran^ng,  its  ^^  Second  Adjostment"  is 
most  important  to  ensure  the  accuracy  of  the  reversal  of  its  Tele- 
scope. If  a  Theodolite  be  used,  the  line  is  continued  by  turmng 
the  vernier  180^,  or  by  reversing  the  telescope  in  its  Y8»  ^  noticed 
in  Arte.  (S25)  and  (862). 

(S77)  Farm  Sirreyliif  ,  ke.  A  huge  form  can  be  most  easDy 
and  accurately  surveyed,  by  measuring  the  angles  of  its  midn  boun- 
daries (and  a  few  main  diagonals,  if  it  be  very  large,)  with  a  The- 
odolite or  Transit,  as  m  Arts.  (860)  or  (STl),  and  filling  up  the 
interior  detsuls,  as  fences,  Ac,  with  the  Compass  and  Cham. 

If  the  Theodolite  be  used,      ^  ^  Fig-  256. 

keep  the  field  on  the  left 
hand,  as  in  following  the  or- 
der of  the  letters  in  this 
figure,  and  turn  the  telescope 
around  '^  with  the  sun,"  and 
tibe  angles  measured  as  in  D(i 
Art.  (866),  will  be  the  interior  angles  of  the  field,  as  noted  in  the 
figure. 

The  accuracy  of  the  work  will  be  proved,  as  alluded  to  in 
Art  (257)9  ^  ^0  Bum  of  all  the  interior  angles  be  equal  to  the  pro- 
duct of  180^  by  the  number  of  sides  of  the  figure  less  two.  Thus 
m  the  figure,  ihe  sum  of  all  the  interior  angles  =  540""  =  ISO""  X 
(5  —  2).  The  sum  of  the  exterior  angles  would  of  course  equal 
180°  X  (5  +  2)  =  1260*. 

If  the  T^ranHt  be  used,  the  farm  should  be  kept  on  the  right 
hand,  and  then  the  angles  measured  will  be  the  supplements  of  the 
mterior  angles.  If  the  angles  to  the  right  be  called  positive^  and 
those  to  the  left  negative^  tiieir  algebraic  sum  should  equal  360*'. 

If  the  boundary  lines  be  surveyed  by  "  Traversing,"  as  in  Art. 
(878),  the  reading,  on  getting  back  to  the  last  station  and  looking 
back  to  the  first  line,  should  be  860'',  or  O"*. 
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The  content  of  any  surface  surveyed  by  "  Traversing  "  with  the 
Transit  can  be  calculated  by  the  Traverse  Table,  as  in  Chapter 
VI,  of  Part  m,  by  the  following  modification.  When  the  angle 
of  deflection  of  any  side  from  the  first  side,  or  Meridian,  is  less  than 
90°,  call  this  angle  the  Bearing,  find  its  Latitude  and  Departure, 
and  call  them  both  plus.  When  the  angle  is  between  90°  and 
180°,  call  the  Terence  between  the  angle  and  180°  the  Bearing, 
and  call  its  Latitude  mimis  and  its  Departure  ^Zt«<.  When  the 
angle  is  between  ISO""  and  270°,  call  its  difference  from  180°  the 
Bearing,  and  call  its  Latitude  minus  and  its  Departure  mirnis. 
When  the  angle  is  more  than  270°,  call  its  difference  from  360'' 
the  Bearing,  and  call  its  Latitude  plus  and  its  Departure  minus. 
Then  use  these  as  in  gettmg  the  content  of  a  Compass-survey. 
The  signs  of  the  Latitudes  and  Departures  foUow  those  of  the 
cosmos  and  sines  in  the  successive  quadrants. 

Town-Surveying  would  be  performed  as  directed  in  Art.  (2(1), 
substituting  "  angles"  for  "  Bearings."  "  Traversing"  is  the  best 
method  in  all  these  cases. 

Ikaecessihle  areas  would  be  surveyed  nearly  as  in  Art.  (1SI)> 
except  that  the  angles  of  the  lines  enclosing  the  space  would  be 
measured  with  the  instrument,  instead  of  with  the  cham. 

(S78)  Plattiiifr*  ^^7  ^^  ^^^^  surveys  can  be  platted  by  any 
of  the  methods  explained  and  characterized  in  Chapter  lY,  of  the 
preceding  Part.  A  circular  Protractor,  Art.  (2(4),  may  be 
regarded  as  a  Theodolite  placed  on  the  paper.  ^^  Platting  Bear- 
ings," Art.  (2(5),  can  be  employed  when  the  survey  has  been 
made  by  ^'  Traversing."  But  the  method  of  ^^  Latitudes  and  De« 
partures,"  Art.  (285),  is  by  &r  the  most  accurate. 
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TRIANGULAR  SURVEYING; 

OR 

By  the  FmHh  Method. 

(879)  Triangular  SuRVErnra  is  founded  on  the  Fovirth  Method 
of  determining  the  position  of  a  point,  by  the  intersection  of  two 
known  lines,  as  given  m  Art.  (8).  Bj  an  extension  of  the  princi- 
ple, a  field,  a  fEurm,  or  a  conntrjf-can  be  surveyed  by  measuring 
only  one  line,  and  calculatmg  all  the  other  desired  distances,  which  are 
made  sides  of  a  connected  series  of  imaginary  Tnanglee^  whose 
angles  are  carefully  measured.  The  district  surveyed  is  covered 
with  a  sort  of  net-work  of  such  triangles,  whence  the  name  given  to 
ilus  kmd  of  Surveying.  It  is  more  commonly  called  ^^  Trigonome- 
trical Surveying;"  and  sometimes  '^  Geodesic  Surveying,''  but  im- 
properly, since  it  does  not  necessarily  take  into  account  the  curv- 
ature of  the  earth,  though  always  adopted  m  the  great  surveys  in 
which  that  is  considered. 

(880)  OiOlne  of  operatlois.  A  Imb  Uney  as  long  as  possible, 
(5  or  10  miles  in  surveys  of  countries),  is  measured  with  extreme 
accuracy. 

From  its  extremities,  angles  are  taken  to  the  most  distant  objectB 
visible,  such  as  steeples,  signals  on  mountm  tops,  &c. 

The  distances  to  these  and  between  these  are  then  calculated  by 
the  rules  of  Trigonometry. 

The  mstrument  is  then  placed  at  each  of  these  new  stations,  and 
angles  are  taken  from  them  to  still  more  distant  statiims,  the  calcu- 
lated  lines  being  used  as  new  base  lines. 

This  process  is  repeated  and  extended  till  the  whole  district  is 
embraced  by  these  "  primary  triangles  "  of  as  large  ades  as  possible. 
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One  side  of  the  last  triangle  is  so  located  that  its  length  can  be 
obtained  bj  measurement  as  well  as  by  calculation^  and  the  agree- 
ment of  the  two  proTCS  the  accuracy  of  the  whole  work. 

Within  these  primary  triangles,  secondary  or  smaller  triangles 
are  formed,  to  fix  the  position  of  the  minor  local  details,  and  to 
ierye  as  starting  points  for  common  surveys  with  cham  and  com- 
pass, &c.    Tertiary  triangles  may  also  be  required. 

The  larger  triangles  are  first  formed,  and  the  smaller  ones  based 
on  them,  in  accordance  with  the  important  principle  in  all  survey* 
mg  oper&tions,  always  to  work  from  the  whole  to  the  parts,  and  from 
greater  to  less. 

Each  of  these  steps  will  now  be  considered  in  turn,  in  the 
following  order : 

1.  The  Base;  articles  (S81),  (S82). 

2.  The  Triangulation;  articles  (S8S)  to  (SM). 

8.  Modifications  of  the  method;  articles  (891)  to  (895). 

(S81)  MeasnrlB;  a  Base.  Extreme  accuracy  in  this  is  neces- 
sary, because  any  error  in  it  will  be  multiplied  in  the  subsequent 
work.  The  ground  on  which  it  is  located  must  be  smooth  and  nearly 
level,  and  its  extremities  must  be  in  sight  of  the  chief  points  in  the 
neighborhood.  Its  point  of  beginning  must  be  marked  by  a  stone 
set  in  the  ground  with  a  bolt  let  into  it.  Over  this  a  Theodolite 
or  Transit  is  to  be  set,  and  the  line  ^^  ranged  out"  as  directed  in 
Art.  (S7()*  The  measurement  may  be  made  with  chains,  (which 
should  be  formed  like  that  of  a  watch,)  &c.  but  best  with  rods.  We 
will  notice  in  turn  their  Materials^  SupparU^  Alinementj  Levelling ^ 
and  Cimtaet. 

As  to  Materials^  iron,  brass  and  other  metals  have  been  used, 
but  are  greatly  lengthened  and  shortened  by  changes  of  tempera- 
ture. Wood  is  affected  by  moisture.  Glass  rods  and  tubes  are 
preferable  •on  both  these  accounts.  But  wood  is  the  most  conve- 
nient. Wooden  rods  should  be  straight-grained  white  pine,  &c. ; 
well  seasoned,  baked,  soaked  in  boiling  oil,  painted  and  varnished. 
They  may  be  trussed,  or  framed  like  a  mason's  plumb-liae  level,  to 
prevent  their  bending.  Ten  or  fifteen  feet  is  a  convenient  length. 
Three  are  required,  which  may  be  of  different  colors,  to  prevent 
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austakes  in  reoordiiig.  They  mngt  be  reiy  e^niaOj  eooqMxed 
with  a  standard  measure. 

SupporU  most  be  provided  for  the  rods,  in  accorale  woik. 
Poets  set  in  line  at  distances  equal  to  the  length  of  the  rods,  inaj 
be  driren  or  sawed  to  a  miifonn  line,  and  the  rods  lud  on  them, 
^ther  direcQj,  or  on  beams  a  little  shorter.  Tripods,  or  trestles, 
with  screws  in  their  tops  to  raise  or  lower  the  ends  of  the  rods 
resting  on  them,  or  blocks  with  three  long  screws  pasang  throng 
them  and  sening  as  legs,  may  also  be  nsei.  Stares,  or  legg,  for 
the  rods  have  been  nsed ;  these  legs  bearing  pieces  which  can  slide 
up  and  down  them  and  on  which  the  rods  themselves  rest 

The  AMneTMvit  of  the  rods  can  be  effected,  if  thej  are  laid  on 
the  ground,  by  strings,  two  or  three  hundred  feet  long,  stretched 
between  the  stakes  set  in  the  line,  a  notched  peg  being  driven  when 
the  measurement  has  reached  the  end  of  one  string,  which  is  then 
taken  on  to  the  next  pair  of  stakes ;  or,  if  the  rods  rest  on  supports, 
by  projectmg  points  on  the  rods  being  alined  by  the  instrument 

The  LeveUinff  of  the  rods  can  be  performed  with  a  common 
mason's  level;  or  their  an^e  measured,  if  not  horizontal,  by  a 


The  Cantacti  of  the  rods  may  be  effected  by  bringing  them  end 
to  end.  The  third  rod  must  be  applied  to  the  second  before  the 
first  has  been  removed,  to  detect  any  movement.  The  ends  must 
be  protected  by  metal,  and  should  be  rounded  (with  radius  equal 
to  length  of  rod)  so  as  to  touch  in  only  one  point.  Round-headed 
nails  will  answer  tolerably.  Better  are  small  steel  cylinders,  hori- 
sontal  on  one  end  and  vertical  on  the  other.  Sliding  ends,  with 
verniers,  have  been  used.  If  one  rod  be  higher  than  the  next  one, 
one  must  be  brought  to  touch  a  plumb-line  which  touches  the  other, 
and  its  thickness  be  added.  To  prevent  a  shock  from  contact,  the 
rods  may  be  brought  not  quite  in  contact,  and  a  wedge  be  let  down 
between  them  till  it  touches  both  at  known  points  on  its  graduated 
edges.  The  rods  may  be  laid  side  by  side,  and  lines  drawn  across 
the  end  of  each  be  made  to  coincide  or  form  one  line.  This  is  more 
accurate.  .  StiU  better  is  a  ^^  visual  contact,"  a  double  microscope 
with  oross-hairs  being  used,  so  placed  that  one  tube  bisects  a  dot 
at  the  end  of  one  rod,  and  the  other  tube  bisects  a  dot  at  the  end 
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of  the  next  rod.    The  rods  thtis  never  touch.    The  distance 
between  the  two  sets  of  croee-hairB  is  of  course  to  be  added. 

A  Base  could  be  measured  over  reiy  uneren  ground,  or  even 
water,  by  suspending  a  series  of  rods  from  a  stretched  rope  by 
rings  in  which  they  can  move,  and  levelling  them  and  bringing 
them  into  contact  as  above. 

(382)  CerrectlOBS  of  Base.  If  the  rods  were  not  level,  their 
length  must  be  reduced  to  its  horizontal  projection.  This  would 
be  the  square  root  of  the  diflference  of  the  squares  of  the  length  of 
the  rod  (or  of  the  base)  and  of  the  height  of  one  end  above  the 
?ther ;  or  the  product  of  the  same  length  bj  the  cosine  of  the 
aDgle  which  it  makes  with  the  horizon.* 

If  the  rods  were  metallic,  thej  would  need  to  be  ccirected  for 
temperature.  Thus,  if  an  iron  bar  expands  looiooo  of  its  length 
for  1^  Fahrenheit,  and  had  been  tested  at  82^,  and  a  Base  had  been 
measured  at  72^  with  such  a  bar  10  feet  long,  and  found  to  contaii 
8000  of  them,  its  apparent  length  would  be  30,000  feet,  but  itt 
real  length  would  be  8.4  feet  more.  An  iron  and  a  brass  ba 
can  be  so  combined  that  the  difference  of  their  expansioa 
causes  two  points  attached  to  their  ends  to  remain  at  the  8am% 
distance  at  all  temperatures.  Such  a  combination  is  used  on 
the  IT.  S.  Coast  Survey. 

(S83)  Choice  %t  Stotlras*  The  stations,  or  <^  Trigonometrical 
points,"  which  are  to  form  the  vertices  of  the  triangles,  and  to  be 
observed  to  and  from,  must  be  so  selected  that  the  resultmg  trian- 
gles may  be  ^*  well-conditioned,"  i.  e.  may  have  such  sides  and  angles 
that  a  small  error  in  any  of  the  measured  quantities  will  cause  the 
least  possible  errors  in  the  quantities  calculated  from  them.  The 
higher  Calculus  shows  that  the  triangles  should  be  as  nearly  equi- 
lateral as  possible.  This  is  seldom  attainable,  but  no  angle  should 
be  admitted  less  than  SO"*,  or  more  than  120''.t 

*  More  precisely,  A  being  this  angle,  and  not  more  than  2o  or  3^,  the  differ 
tnce  between  the  inclined  and  horizontal  lengtht,  eqaala  the  inclined  or  real 
length  mnltiplied  by  the  square  of  the  minotes  in  A,  and  that  by  the  decioDal 
0.00000004231 ;  as  shewn  in  Appendix  B.  In  a  Geodesic  survey,  the  base  woald 
also  be  rrquired  to  be  reduced  to  the  level  of  the  sea. 

t  When  two  angles  only  are  observed,  as  is  often  the  case  in  the  secondary 
Iriar^laiion,  the  unobserved  angle  ought  to  be  nearly  a  right  angle. 
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lb  extend  the  triangulaUonj  by  contmuallj  incre&Bing  the  sides 
of  the  triao^eSy  "withoat  mtarodttcmg  ^^iltconditioned"  triangles, 
maj  be  effected  as  in  the  figure.    AB  is  the  measured  base. 

Fig.  257. 


0  aad  D  are  the  nearest  stataons.  In  the  triangles  ASC  and  ABD, 
all  the  angles  being  observed  and  the  side  AB  known,  the  other 
sides  can  be  readily  calculated.  Then  in  each  of  the  triangles 
DAG  and  DBG,  two  sides  and  the  contained  angles  are  given  to  find 
DG,  one  calculation  checking  the  other.  DG  then  becomes  a  base 
to  calculate  EF ;  which  is  then  used  to  find  6H ;  and  so  on. 

The  fewer  primary  stations  used,  the  better ;  both  to  prevent 
confusion  and  because  the  smaller  number  of  triangles  makes  the 
correctness  of  the  results  more  "  probable." 

The  United  States  Goast  Survey,  under  the  -superintendence  of 
Prof.  A.  D.  Bache,  displays  some  fine  illustrations  of  these  princi- 
ples, and  of  the  modifications  they  may  undergo  to  suit  various 
localities.  The  figure  on  the  opposite  page  represents  part  of  the 
scheme  of  the  primary  triangulafion  restmg  on  the  Massa- 
chusetts base  and  including  some  remarkably  well-conditioned 
triangles,  as  well  as  the  system  of  quadrilaterals  which  is  a  valuable 
feature  of  the  scheme  when  the  sides  of  the  triangles  are  extended 
to  considerable  lengths,  and  quadrilaterals,  with  both  diagonals 
determined,  take  the  place  of  simple  triangles. 

The  engraving  is  on  a  scale  of  1 :  1200,000. 
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(t84)  SifUls.    They  moat  be  hi^,  conspicaonSy  aQd  00  madi 
that  the  instrament  can  be  placed  preciselj  under  them. 

Three  or  four  timbers  framed  into  a  Fig.  259. 

pyramid,  as  in  the  figure,  with  a  long  mast 
projecting  abore,  fulfil  the  first  and  last 
conditions.  The  mast  may  be  made  yerti- 
cal  by  directing  two  theodolites  to  it  and  ad- 
justing it  so  that  their  telescopes  follow  it 
up  and  down,  their  lines  of  sight  being  at 
right  angles  to  each  other.  Guy  ropes 
may  be  used  to  keep  it  vertical. 

A  very  excellent  signal,  used  on  the  Massachusetts  State  Survey, 
by  Mr.  Borden,  is  represented  in  the  three  following  figures.    It 

Fig.  260.  Fig.  261.  Fig.  2G2 


consists  merely  of  three  stout  sticks,  which  form  a  tripod,  framed 
with  the  signal  staff,  by  a  bolt  passing  t^ugh  their  ends  and  itB 
middle.  Fig.  260  represents  the  signal  as  framed  on  the  ground; 
Fig.  261  shews  it  erected  and  ready  for  observation,  its  base  being 
steadied  with  stones ;  and  Fig.  262  shews  it  with  the  staff  turned 
aside,  to  make  room  for  the  Theodolite  and  its  pro-  Fig.  263 
tecting  tent.  The  heights  of  these  signals  varied  be- 
tween 15  and  80  feet. 

Another  good  signal  consists  of  a  stout  post  let  into 
the  ground,  with  a  mast  fastened  to  it  by  a  bolt  below 
and  a  collar  above.  By  opening  the  collar,  tiie  mast 
can  be  turned  down  and  tiie  Theodolite  set  exactly 
under  the  former  summit  of  the  rignal,  i.  e.  in  its  verti-  ^ 
oal  axis.  ^^ 

Signals  should  have  a  height  equal  to  at  least  f  ^  of  their  dn^ 
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tance^  so  aa  to  subtend  an  angle  of  half  a  minute,  ^hich  expe- 
rience has  shown  to  be  the  least  allowable. 

To  make  the  tops  of  the  signal-masts  conspicuous,  flags  may  be 
attached  to  them ;  white  and  red,  if  to  be  seen  against  the  ground, 
and  red  and  green  if  to  be  seen  against  the  sky.*  The  motion  of 
flags  renders  them  visible,  when  much  larger  motionless  objects 
are  not.  But  they  are  useless  in  calm  weather.  A  disc  of  sheet* 
iron,  with  a  hole  in  it,  is  very  conspicuous.  It  should  be  arranged 
so  as  to  be  turned  to  face  each  station.  A  barrel,  formed  of  mus- 
lin sewn  together  four  or  five  feet  long,  with  two  hoops  in  it  two 
feet  apart,  and  its  loose  ends  sewn  to  the  signal-staff,  which  passes 
through  it,  is  a  cheap  and  good  arrangement.  A  tufl  of  pine  boughs 
&stened  to  the  top  of  the  staff,  will  be  well  seen  against  the  sky. 

In  sunshine,  a  number  of  pieces  of  tin  nailed  to  the  staff  at  dif* 
ferent  angles,  will  be  very  conspicuous.  A  truncated  cone  of 
burnished  tin  will  reflect  the  sun's  rays  to  the  eye  in  almost  eveiy 
situation.  But  a  ^^  heliotrope,"  which  is  a  piece  of  looking-glass, 
so  adjusted  as  to  reflect  the  sun  directly  to  any  desired  point,  is 
the  most  perfect  arrangement. 

For  night  signals,  an  Argand  lamp  is  used ;  or,  best  of  all,  Drum- 
mond's  light,  produced  by  a  stream  of  oxygen  gas  directed  through 
a  flame  of  alcohol  upon  a  ball  of  lime.  Its  distinctness  is  exceed- 
ingly  increased  by  a  parabolic  reflector  behind  it,  or  a  lens  in  firont 
of  it.     Such  a  light  was  brilliantly  visible  at  66  miles  distance. 


(385)  Observatloiis  of  the  Angeles.  These  should  be  repeated 
as  often  as  possible.  In  extended  surveys,  three  sets,  of  ten  each- 
are  recommended.  They  should  be  taken  on  different  parts  of  the 
circle.  In  ordinary  surveys,  it  is  well  to  employ  the  method  of 
"  Traversing,"  Art.  (878).    In  long  sights,  the  state  of  the  atmos- 


*  To  determine  at  a  station  A, 
whether  its  signal  can  be  seen 
from  B,  projected  against  the 
sky  or  not,  measure  the  vertical 
angles  BAZ  and  ZAO.  If  their 
tnm  equals  or  exceeds  180^,  A 
will  be  thus  seen  from  B.  If 
not,  the  signal  at  A  must  be  rais 
ed  till  this  sum  equals  ISO*'. 
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phere  has  a  very  remarkable  effect  on  both  the  visibilitj  of  the 
sigaals,  and  on  the  correctness  of  the  observations. 

When  many  angles  are  taken  from  one  station,  it  is  important  to 
record  them  by  some  unifonn  system.  The  form  given  below  is 
convenient.  It  will  be  noticed  that  only  the  minutes  and  seconds 
of  the  second  vernier  are  employed,  the  degrees  being  ail  taken 
from  the  first. 


OhiervatioiM  at  • 


8TATI0K 

READINOfl. 

MEAN 

RBADt50. 

riqht  or  left  of 
preced'g  obj't. 

lOBBIRTBD  TO 

VKRNIXR  ▲. 

VZRNIER  B. 

REMARKS. 

A 

70*»   19'      0" 

18'  40" 

70*»    18*  50" 

B 

1030  32'  20" 

32'  40^^ 

lOS**  32'  30" 

R. 

0 

115<>  14'  20" 

14'  50" 

115«»  14'  35" 

R: 

When  the  angles  are  ^<  repeated/'  Art.  (370),  the  multiple 
arcs  will  be  restored  under  each  other,  and  the  mean  of  the 
seconds  shewn  by  ail  the  verniers  at  the  first  and  last  readings  be 
adopted. 

(S86)  Reiuctloii  to  the  centre.  It  is  often  impossible  to  set 
the  mstrument  precisely  at  or  under  the  signal  which  has  been 
observed.    In  such  cases  pro-  Fig.  265. 

ceed  thus.  Let  G  be  the  cen« 
tre  of  the  signal,  and  RCL  the 
desired  angle,  R  being  the  right 
hand  object  and  L  the  left  hand 
one.  Set  the  instrument  at  D,. 
as  near  as  possible  to  C,  and  measure  the  angle  RDL.  It^ay  be 
less  than  RCL,  or  greater  than  it,  or  equal  to  it,  according  as  D 
lies  without  the  circle  passing  through  C,  L  and  R,  or  within  it,  or  in 
its  circumference.  The  instrument  should  be  set  as  nearly  as  pos- 
fidble  in  this  last  position.  To  find  the  proper  correction  for  the 
observed  angle,  observe  also  the  angle  LDC,  (called  the  Angle  of 
direction),  counting  it  from  0®  to  360®,  going  from  the  left-hand 
object  toward  the  left ;  and  measure  the  distance  DC.  Calculate 
the  distances  CR  and  CL  with  the  angle  RDL  instead  of  RCL, 
nnce  they  are  sufficiently  nearly  equal.    Then 
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RCL  =  RDL  + 


CD  .  sin.  (RDL  +  LDO)       CD  .  sin.  LDO. 


OR  .  sin.  1"  CL  .  sin.l" 

The  laist  two  terms  will  be  the  number  of  seconds  to  be  added 
or  subtracted.  The  Trigonometrical  signs  of  the  sines  must  be 
attended  to.  The  log.  sin.  1"  =4. 6856749.  Instead  of  dividing 
by  sin.  V\  the  correction  without  it,  which  will  be  a  very  small 
fiaction,  may  be  reduced  to  seconds  by  multiplying  it  by  206265. 
JSxample.  Let  RDL  =  32^  20'  18"  .06 ;  LDC  =  101^  15'  32"  .4 ; 
CD  =  0.9 ;  CR  =  35845.12 ;  CL  =  29783.1. 

The  first  term  of  the  correction  will  be  +  3".750,  and  the 
second  term — 6".113.  Therefore,  the  observed  angle  RDL 
must  be  diminished  by  2".363,  to  reduce  it  to  the  desired  angle 
RCL. 

Much  calculation  may  be  saved  by  takmg  the  station  D  so  that 
all  the  signals  to  be  observed  can  be  seen  from  it.  Then  only  a 
single  distance  and  angle  of  direction  need  be  measured. 

It  may  also  happen  that  the  centre,  C,  of  the        Fjg^sfi 
signal  cannot  be  seen  from.D.    Thus,  if  the  signal 
be  a  solid  circular  tower,  set  the  Theodolite  at  D, 
and  turn  its  telescope  so  that  its  line  of  sight  be- 
comes tangent  to  the  tower  at  T,  T' ;  measure  on 
these  tangents  equal  distances  DE,  DF,  and  direct 
the  telescope  to  the  middle,  G,  of  the  line  EF.    It 
will  then  point  to  the  centre,  C ;  and  the  distance  DC  wUl  equal 
the  distance  from  D  to  the  tower  plus  the  radius  obtained  by  mea* 
suring  the  circumference. 

K  the  signa!  be  rectangular,  measure  DE,  DF. 
Take  any  point  G  on  DE,  and  on  DF  set  off  DH 

=  Dg5S.    Then  is  GH  paraUel  to  EF,  (smce 

DG  :  DH  : :  DE  :  DF)  and  the  telescope  directed 
to  its  middle,  K,  will  pomt  to  the  middle  of  the 

diagonal  EF. 

Any  such  case  may  be  solved  by  similar  methods. 

*  For  the  inyestigatioxi,  see  Appendix  B. 


Fig.  267. 


WeshaU  also  have  DC  =  DK^. 
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The  ^^Phase'^  of  objects  is  the  effect  produced  by  the  sun 
shining  on  only  one  side  of  them,  so  that  the  telescopje  will  be 
directed  from  a  distant  station  to  the  middle  of  that  bri^t  ade 
instead  of  to  the  true  centre.  It  is  a  source  of  error  to  be  guarded 
against.    Its  effect  may  however  be  calculated. 

(887)  Correction  of  the  angles.  When  all  the  angles  of  any 
triangle  can  be  observed,  their  sum  should  equal  180.*  I£  not  they 
must  be*  corrected.  K  all  the  observations  are  considered  equally 
accurate,  one-third  of  the  difference  of  their  sum  from  180^,  is  to  be 
added  to,  or  subtracted  from,  each  of  them.  But  if  the  an^es  are 
the  means  of  unequal  numbers  of  observations,  their  errors  may  be 
considered  to  be  inversely  as  those  numbers,  and  they  may  be  cor- 
rected by  this  proportion ;  As  the  simi  of  the  reciprocals  of  each 
of  the  three  numbers  of  observations  le  to  Hiq  whole  error,  So  u 
the  reciprocal  of  the  number  of  observations  of  one  of  the  angles 
To  its  correction.  Thus  if  one  angle  was  the  mean  of  three  obser- 
vations, another  of  four,  and  the  third  of  ten,  and  the  sum  of  all  the 
angles  was  180°  8',  the  first  named  angle  must  be  diminished  by 
the  fourth  term  of  this  proportion ;  ^  +  i  +  iV  •  3' : :  J  :  1'  27".8. 
The  second  angle  must  in  like  manner  be  diminished  by  1'  5'^9  ; 
and  the  third  by  26".8.     Their  corrected  sum  will  then  be  180**. 

It  is  still  more  accurate  but  laborious,  to  apportion  the  total 
error,  or  difference  from  180®,  among  the  angles  inversely  as  the 
"  WeigUs^^^  explained  in  Art.  (869) .  On  the  TJ.  S.  Coast  Survey,  in 
six  triangles  measured  in  1844  by  Prof.  Bache,  the  greatest  error 
was  six-tenths  cf  a  second. 

(388)  Calculation  and  platting*  The  lengths  of  the  sides  of 
the  triangles  should  be  calculated  with  extreme  accuracy,  in  two 
ways  if  possible,  and  by  at  least  two  persons.  Plane  Trigonometry 
may  be  used  for  even  large  surveys ;  for,  though  these  sides  are 
really  arcs  and  not  straight  Imes,  the  difference  will  be  only  one* 

•  If  the  trmoffles  were  very  large,  they  wonld  have  to  be  regarded  as  spherical, 
and  the  sum  of  their  angles  would  be  more  than  180^;  but  this  *'  spherical  ex 
cess"  would  be  only  1"  for  a  triangle  containing  76  square  miles,  1»  for  4500 
square  miles,  &c.;  and  may  therefore  be  neglected  in  all  ordinary  surveying  ope- 
ratioDs. 
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twentieth  of  a  foot  in  a  distance  of  llj^  nules ;  half  a  foot  in  28 
miles ;  a  foot  in  84^  miles,  &c. 

The  platting  is  most  correctlj  done  bj  constructing  the  triangles, 
as  in  Art.  (JM),  by  means  of  &e  calculated  lengths  of  theur  sides. 
If  the  measured  angles  are  platted,  the  best  method  is  that  of 
ehords,  Art.  (275).  If  manj  triangles  are  succestively  based  on 
one  another,  they  will  be  platted  most  accurately,  by  referring  all 
their  sides  to  some  one  meridian  line  by  means  of  '^  Rectangular  Co« 
ordinates,"  the  Method  of  Art.  ((),  and  platting  as  in  Art.  (277*) 
Li  the  survey  of  a  country,  this  Meridian  would  be  the  true  North 
and  South  line  passmg  through  some  weU  determined  point. 

(S89)  Base  of  Terlflcatioii.  As  mentioned  in  Art.  (886)9  ^ 
ade  of  the  last  triangle  is  so  located  that  it  can  be  measured,  as 
was  the  first  base.  If  the  measured  and  calculated  lengths  agree, 
tlus  proves  the  accuracy  of  all  the  previous  work  of  measurement 
and  calculation,  since  the  whole  is  a  chain  of  which  this  is  the  last 
link,  and  any  error  in  any  previous  part  would  affect  the  very  last 
line,  except  by  some  improbable  compensation.  How  near  the 
agreement  should  be,  will  depend  on  the  nicety  desired  and  attained 
m  the  previous  operations.  Two  bases  60  miles  distant  differed 
on  one  great  English  survey  28  inches ;  on  another  one  inch ;  and 
on  a  French  triangulation  extending  over  500  miles,  the  difference 
was  less  than  two  feet.  Results  of  equal  or  greater  accuracy  are 
obtained  on  the  U.  S.  Coast  Survey. 

(390)  Interior  filling  up.  The  stations  whose  positions  have 
'been  determined  by  the  triangulation  are  so  many  fixed  points, 
from  which  more  minute  surveys  may  start  and  interpolate  any 
other  pomts.  The  Trigonometrical  points  are  like  the  observed 
Latitudes  and  Longitudes  whibh  the  mariner  obtains  at  every  oppor- 
tunity, so  as  to  take  a  new  departure  from  them  and  determine 
his  course  in  the  intervals  by  the  less  precise  methods  of  his  comr 
pass  and  log.  The  chief  interior  points  may  be  obtained  by  "  Se- 
condary Triangulation,"  and  the  minor  details  be  then  filled  in  by 
any  of  the  methods  of  surveying,  with  Cham,  Compass,  or  Transit, 
abready  explained,  or  by  the  Plane  Table,  described  in  Part  VIII. 
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With  the  Tranmt,  or  Theodolite,  ^^  Trarersmg"  is  the  best  mode  of 
sanreyingy  the  instrument  being  set  at  zero,  and  bemg  then 
directed  from  one  of  the  Trigonometrical  pomts  to  another,  which 
line  therefore  becomes  the  "  Meridian''  of  that  snnrej.  On  reachr 
ing  this  second  pomt,  in  the  course  of  the  survej,  and  mghiing  back 
to  the  first,  the  reading  should  of  course  be  0^,  as  explained  in 
Art.  (817). 

(Ml)  Radiating  Triaigilattoii.  This  name  may  be  ^ven  to 
a  method  shown  in  the  figure.    Choose  Fig.  268. 

a  conspicuous  pomt,  0,  nearly  in  the 
centre  of  the  field  or  farm  to  be  sur- 
veyed, ilnd  other  pomts.  A,  B,  C, 
D,  &c.  such  that  the  signal  at  0  can  be 
seen  from  aJl  of  them,  and  that  the  tri- 
an^es  ABO,  BGO,  &c,  shall  be  as 
nearly  equilateral  as  possible.  Mea- 
sure one  side,  AB  for  example.  At  A 
measure  the  an^es  0 AB,  and  OAG ;  at  B^ 

B  measure  the  angles  OBA  and  OBC ;  and  so  on^  around  the 
polygon.  The  correctness  of  these  measurements  may  be  tested 
by  the  sum  of  the  angles,  as  in  Art.  (877).  It  may  also  be  tested 
by  the  Trigonometrical  principle  that  the  product  of  the  ones  of 
every  alternate  an^e,  or  the  odd  numbers  in  the  figure,  should 
equal  the  product  of  the  sines  of  the  remaining  angles,  the  even 
numbers  in  the  figure.* 

The  calculations  of  the  unknown  sides  are  readily  made.  In  the 
triangle  ABO,  one  side  and  all  the  angles  are  given  to  find  AO 
and  BO.  In  the  triangle  BCO,  BO  and  all  the  angles  are  ^ven  to 
find  BO  and  CO ;  and  so  with  the  rest.  Another  proof  of  the 
accuracy  of  the  work  will  be  given  by  the  calculation  of  the  length 
of  the  side  AO  m  the  last  triangle,  agreeing  with  its  lengQi  as 
obtained  in  the  first  triangle. 

(892)  Farm  Triangalatlon.  A  Farm  or  Held  may  be  surveyed 
by  the  previous  methods,  but  the  following  plan  will  often  be  more 

*  For  the  demoDftratioD»  lee  Appendix  B. 
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tine  field,  and  firom  its  ends  measure  the 
an^^es  between  it  and  ihe  dmetton  of 
each  earner  ef  tbe  field,  if  the  Theodo- 
lite oar  TniDtii  be  need,  or  take  Ae 
bearing  of  each,  if  ihe  OompaflB  he  need. 
Cousider  firat  the  trian^efl  irhioh  have  ^ 

XY  for  a  baee,  and  the  oomea  of  Ihe  field,  A,  B,  C^  &c.,  ftr 
yeitieea.  in  eaeh  of  then  ene  aide  and  the  angles  will  be  hMKwn  to 
find  the  other  sides,  XA,  XB,  &c.  Then  consider  iihe  field  as 
made  up  of  trian^es  which  hare  their  vertices  at  X.  In  each  of 
fiiem  two  sides  and  the  incladed  am^  !wiB  be  ^en  to  find  its 
content,  as  in  Art.  (jU)*  If  T  be  then  taken  for  the  eonmMm 
yertez,  a  test  of  the  finmer  wcdk  wil  be  obtamed. 

The  operation  will  be  somemiiat  einvlified  by  takmg  fbrihe  base 
line  a  diagonal  of  the  field,  or  obm  of  ita  sides. 

<ttt>  tmufMoMt  Aveaa*    A  field  or  fium  may  be  anrveyed, 
by  this  ^^  Fonrth  Method,^'  wiihoiit  entering  ^g,  S70. 

it.     Choose  a  base  line  XY,  firom  which  all        ^.--•■'-'''''Tr''*"*^^ 
the  comers  of  the  field  can  be  seen.    Take    C'^^^    /  \    ^\ 
their  Beariiigs,  or  the  angles  between  the    1  yv       /     \/    /  \ 
Base  line  and  their  directions.    The  die-    •  \\Z^^     L^ 
tances  firom  X  and  Y  to  each  of  them  can     i    tK^\)^{\  J 
be  calculated  as  in  the  last  article.    The     |  ll^^^VJ^f 
figure  will  then  shew  in  what  manner  the     1^^^^    >JiK^ 
content  of  the  field  is  the  difierence  between  Xir  -  ^y 

the  contents  of  the  trian^es,  having  X  (or  Y)  for  a  vertex,  whick 
lie  outside  of  it,  and  those  which  lie  partly  within  the  field  and  partlj 
outside  of  it.  Their  contents  can  be  calculated  as  in  the  last  article, 
and  their  difference  will  be  the  deored  content.  If  the  figure  be 
regarded  as  generated  by  the  revolution  of  a  line  one  end  of  which  is  at 
X,  while  its  other  end  passes  along  the  boundaries  of  the  field,  short- 
exung  and  lengthening  accordingly,  and  if  those  triangles  generated 
by  its  movement  in  one  direction  be  called  flxiA  and  those  generated 
by  the  contrary  movement  be  called  9nmtM,  their  algebraic  sum 
will  be  the  content. 

18 
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(tf 4)  IireitdM  ef  the  Feirth  MttkU.  In  aU  the  ope» 
tioiui  which  hare  been  explained,  the  position  of  a  point  has  been 
determined,  as  m  Art.  (8),  by  taking  the  angles,  or  bearings,  of 
two  linte  passing  firom  the  two  ends  of  a  Base  line  to  the  unbioim 
pomt.  But  the  same  determination  may  be  effected  mversely,  by 
taking  firom  the  point  the  bearings,  by  compass,  of  the  two  ends  of 
the  Base  Ime,  or  of  any  two  known  points.  The  unknown  punt 
will  then  be  fixed  by  platting  from  the  two  known  pomts  the  oppo- 
mte  bearings,  fi>r  it  will  be  at  the  inteisectioii  of  the  lines  thus 
determined. 

(MS)  Defects  ef  the  Hethed  ef  Iitersectlei.  The  detenm- 
nation  of  a  pomt  by  the  Fourth  Method  (enmiciated  in  Art  (8), 
and  developed  in  this  Part)  founded  on  the  intersection  of  lines, 
has  the  serious  defect  that  the  point  m^ted  to  will  be  very  indefi- 
nitely determined  if  the  lines  which  fix  it  meet  at  a  very  acute  or 
a  rery  obtuse  angle,  which  the  relative  positions  of  the  pomts  observed 
fi^m  and  to,  often  render  unavoidable.  Intersections  at  right 
angles  should  therefore  be  sought  for,  so  far  as  other  considerations 
will  permit 


PART  VI. 


TRILINEAR  SURVEYING; 


By  the  I^ih  Method. 

(8M)  Tbiunbab  SuRVETiNa  is  founded  on  the  HfUi  Method  of 
deteimining  die  position  of  a  pomt,  by  measuring  the  angles  betwen 
three  lines  conceived  to  pass  from  the  required  point  to  three 
known  points,  as  illustrated  in  Art.  (10). 

To  fix  the  place  of  the  pomt  fix)m  these  data  is  much  more  diffi- 
cult than  in  the  preceding  methods,  and  is  known  as  the  ^^  Problem  of 
the  three  points."  It  will  be  here  solved  Oeometrically,  Instm- 
mentally  and  Analyticallj. 


(8t7)  GMMetrical  Soliitloi.    Let  A,  B  and  0  be  the  known 

Fig.  271. 


objects  observed  firom  S,  the  angles  ASB  and  BSG  being  there 
measured.  To  fix  this  point,  S,  on  the  plat  containing  A,  B  and 
C,  draw  Imes  from  A  and  B,  making  angles  with  AB  each  equal 
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to  90""— ASB.  The  intersection  of  these  lines  at  0  ^  be  the 
centre  of  a  circle  passing  through  A  and  B,  in  the  circumference 
of  which  the  point  S  will  be  situated.*  Describe  this  circle.  Also, 
draw  lines  from  B  and  C,  making  angles  with  BC,  each  equal  to 
90o — BSC.  Their  intersection,  0',  will  be  the  centre  of  a  circle 
passmg  through  B  and  G.  The  point  S  will  lie  somewhere  m  its 
circun^erence,  and  theiwfere  in  its  mtersectioQ  with  the  former 
circumference.    The  point  is  thus  determined. 

In  the  figure  the  obseryed  angles,  ASB  and  BSC,  are  supposed 
to  have  been  respectivelj  40"  and  60".  The  angles  set  off  are 
therefore  50<»  and  80".  The  central  angles  are  consequently  80" 
and  120",  twice  the  observed  angles. 

The  dotted  lines  refer  to  the  checks  explained  in  the  latter  part 
of  this  article. 

When  one  of  the  angles  is  obtuse,  set  off  its  difference  from  90^ 
en  the  opposite  side  of  the  line  joinmg  the  two  objects  to  that  on 
which  the  pomt  of  observation  lies. 

When  the  angle  ABC  is  equal  to  the  supplement  of  the  sum  of 
the  observed  angles,  the  position  of  the  point  will  be  indeterminate ; 
for  the  two  centres  obtained  will  coincide,  and  the  circle  described 
£rom  this  common  centre  will  pass  through  the  three  points,  and 
any  point  of  the  circumference  will  fulfil  the  conditions  of  the  prob- 
lem. 

A  third  angle,  between  one  of  the  three  points  and  a  fourth 
pomt,  should  always  be  observed  if  possible,  and  used  like  the 
others,  to  serve  as  a  check. 

Masny  tests  of  the  correctness  of  the  portion  of  the  point  deter- 
mined may  be  employed.  The  simj^t  one  is  that  the  centres  of 
the  circles,  0  and  0',  should  lie  in  the  perpendiculars  drawn  tkrou^ 
the  middle  points  of  the  lines  AB  and  BC. 

Another  is  that  the  line  BS  should  be  bisected  perpendicularly 
by  the  line  00'. 

A  third  check  is  obtained  by  drawing  at  A  and  C  perpendiculars 
to  AB  and  CB,  and  producing  them  to  meet  BO  and  BO'  produced, 

*  For,  the  arc  AB  meunm  the  awle  AOB  at  the  centre,  which  aagle  «- 180* 
—2  (90o  —  A8B)  —  2  ASB.  Therefore,  any  an^e  inacribed  in  the  ciicamfer 
ence  and  mearared  hj  the  same  arc  ia  equal  to  ASB 
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m B  aad  E.    She liaaDE  should  paaa tibooogh  3;  for,  ikie  anglea 
BSD  and  BSE  bemg  right  angles,  the  lines  DS  and  SB  form  one 
straight  lino. 
The  figore  shews  iiiose  three  checks  by  its  dotted  lines. 

(SIS)  InstruMilal  Solttfoi.  The  precedmg  process  is  tedious 
▼here  many  stations  are  to  be  determined.  They  can  be  more 
readily  fimnd  by  an  instrument  called  a  StatkmfMUerj  or  CharO' 
gragph.  It  consists  of  three  arms,  or  straight-edges,  turning  about 
a  common  centre,  and  capable  of  being  set  so  as  to  make  with  each 
other  any  angles  desired.  This  is  effected  by  means  of  graduated 
arcs  carried  on  ilieir  ends,  or  by  taking  off  with  their  points  (as 
with  a  pur  of  dividers)  the  proper  distaiu^e  £r(XH  a  scale  of  chords 
(see  Art.  (274))  constructed  to  a  radius  of  their  length.  Being 
thus  set  80  as  to  make  the  two  observed  aa^es,  the  instrument  is 
laid  (m  a  map  containing  the  three  given  points,  and  is  turned 
about  till  the  three  edges  pass  through  these  pdnts.  Then 
their  centre  is  at  the  place  of  the  station,  for  the  three  points  there 
subtend  on  the  paper  the  angles  observed  in  the  field. 

A  simfde  and  useful  substitute  is  a  piece  of  transparent  paper, 
cr  ground  glass,  osa  which  three  lines  may  be  drawn  at  lihe  proper 
SDj^es  and  moved  about  on  the  paper  as  before. 

(SM)  Analytical  SoMkui,  The  distances  of  the  required 
point  &om  each  of  the  known  points  may  be  obtained  analytically. 
LetAB  =  tf;BC  =  a;ABC  =  B;ASB  =  S;BSC  =  S'.  Also, 
make  T  =  360^  — S  —  S'— B.  Let  BAS  =  U;  BOS  =  V. 
Then  we  shall  have  (as  will  be  shewn  in  Appendix  B) 


Cot 


i.U:==cot.T(      ':''^'^'    ^  +  l\ 
\a  .  Bin.  S  .  COS.  T  ^    / 

V  =  T  — U 

Qxi      c  .  sin.  U  a  .  sin.  V 

SB  =  — ; — Q- ;  or,  =  — : — 5-- 
sm.  8    '      '         sm.  8' 

g.  _  c  .  sm.  AB8         gQ  _o  .  sm.  CBS 
sin.  S  Bin.  8' 
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Attention  must  be  given  to  the  algebraic  agoB  of  the  trigonome- 
trical fonctions. 

lirample.  ASB  =  88«  45' ;  BSC  =  22^  80' ;  AB  =  600  feet ; 
BO  =  400  feet ;  AC  =  800  feet.  Required  the  distances  and 
directions  of  the  point  S  from  each  of  the  stations. 

In  the  triangle  ABC,  the  three  sides  being  known,  the  an^e 
ABC  is  found  to  be  104^  28'  39".  The  formula  then  gives  the 
angle  BAS  =  U  =  105**  8'  10" ;  whence  BCS  is  found  to  be  94^ 
8'  11" ;  and  SB  « 1042.61 ;  SA  =  710.198 ;  and  SC  =  934.291. 

(4M)  Harltlme  Sarveying.  The  chief  application  of  the  Tri- 
linear  Method  is  to  Maritime  or  Sydrographiedl  Surveying,  the 
object  of  which  is  to  fix  the  positions  of  the  deep  and  shallow  points 
in  harbors,  rivers,  &c.,  and  thus  to  discover  and  record  the  dioals, 
rocks,  channels  and  other  important  features  of  the  locality.  To 
effect  this,  a  series  of  signals  are  established  on  the  neighboring 
shore,  any  three  of  which  may  be  represented  by  our  points  A,  B,  0. 
They  are  observed  to  from  a  boat,  by  means  of  a  sextant,  and  the 
position  of  the  boat  is  thus  fixed  as  just  shewn.  The  boat  is  then 
rowed  in  any  desired  direction,  and  soundmgs  are  taken  at  regular 
mtervals,  till  it  is  found  convenient  to  fix  the  new  position  of  the 
boat  as  before.  The  precise  point  where  each  sounding  was  taken 
can  now  be  platted  on  the  map  or  chart.  A  repetition  of  this  pro- 
cess ¥nll  determine  the  depths  and  the  places  of  each  pomt  of  the 
bottouL 


PART  VII 


OBSTACLES  IN  ANGULAR  SURVEYING. 

(Ml)  Thb  obstacles,  such  as  trees,  Louses,  hills,  Tallies,  riyen, 
ftc,  which  prerent  the  cUrect  alinement  or  measurement  of  any 
desired  course,  can  be  overcome  much  more  easily  and  precisely 
with  any  angular  instrument  than  with  the  cham,  methods  for  uong 
which  were  expliuned  in  Part  11,  Chapter  Y.  They  will  however 
be  taken  up  in  the  same  order.*  As  before,  the  given  and  measured 
lines  are  drawn  with  fine  full  lines ;  the  visual  lines  with  broken 
lines;  and  the  lines  of  the  result  with  heavy  full  Imes. 


CHAPTER  L 


PERPENDICULARS  AND  PARALLELS, 

(M2)  Erecttnir  PerpcBdiciUrs,  2b  erect  a  perpencUeular  to 
m  Une  at  a  given  painty  set  the  instrument  at  the  ^ven  point,  and, 
if  it  be  a  Compasaj  durect  its  sights  on  the  line,  and  then  turn  them 
tin  the  new  Bearing  differs  90^  from  the  orig^al  one,  as  explained 
in  Art.  (24S).  A  convenient  approximation  is  to  file  notches  in 
the  Compass-plate,  at  the  90^  pomts,  and  stretch  over  them  a  thready 
sitting  across  which  will  ^ve  a  perpendicular  to  the  durection  of 
Ihe  sights. 

The  Transit  or  Theodolite  being  set  a^  above,  note  the  reading 
of  Ihe  vender  and  then  turn  it  till  the  new  reading  is  90^  more  or 
less  than  the  former  one. 

The  DemoDstrationt  of  the  Problemi  which  reqnire  them,  ftnd  from  which 
they  can  conveuiently  be  leparated,  will  be  foond  in  Appen  lix  B. 
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(408)  To  erect  a  perpendieular  to  an  inaeee$iible  liney  at  a 


given  point  of  it, ,  Let  AB  be  the  line 
and  A  the  point.  Calculate  the  distance 
firom  A  to  any  point  0,  and  the  angle 
CAB,  by  the  method  of  Art.  (480).  Set 
the  instroment  at  C,  sight  to  A,  torn  an 
angle  =  GAB,  and  meaflore  in  the  direo- 
tioo  thud  obtained  a  distaae^  CP 
the  required  perpendicular* 


Fig.  272. 


CA .  eee.  CAB. 


PAiriU  be 


C4t4)  Letttag  ftU  fefp^iitertarat  T^letfM  m  perpendi^ 
cular  to  a  line  from  a  given  point.  With  the  Oompem^  take  tli* 
Bearing  of  the  g^yen  line  and  then  from  the  ^en  point  nm  a  liae^ 
with  aBearing  ^[iffi»ring90^  from  the^ori^^nalBeavrngyiallitxeachea 
&e  ffveiL  line. 

With  the  Hi-angit  or  TkeodoUte^  set  it  at  any  point  of  the  ^tw 
line,  as  A,  and  obaerre  the  ai^e  between  ttna 
line  and  a  line  thence  to  the  ^yen  point, 
P.  Then  set  at  P,  sight  to  the  fonner  posi- 
tion of  the  instrument,  and  turn  a  number  of 
degrees  equal  to  what  the  observed  angle  at 
A  wanted  of  90^.  The  instrument  will  then 
point  in  the  direction  of  the  required  perpendicular  PB. 


Fig.  27a. 


(4M)  To  Utfdt  aperpendiffiUar  to  a  Umfir^m  an  inace$99XU 


point.  Let  AB  be  the  laie  and  P  the 
pomt.  Measure  the  angles  PAB,  and 
PBA.  Measure  AB.  The  an^es  APC 
and  BPO  are  known,  being  the  comple- 
BMBbi  of  the  aoj^es  measmed.  Then  is 
tan.  APO 


AC»AB 


tan.  APC  +  tan.  BPG' 
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(4M)  To  let  faU  a  perpendieular  to  an  inaeeessible  line  from 
m  given  fomt.  Let  C  be  the  point  aad 
ABtheline.  Calculate  ttie  ai^tle  CAB 
bj  the  method  of  Art.  (I9D).  Set  the 
infltroment  at  C,  sight  to  A,  and  torn  an 
angle  :=r  90  — CAB.  ItwiUflienpomt 
m  the  direction  of  Hie  reqmred  perpen- 
^enlarCE. 


— B 


(4i7>  Rmllg^  ParalMs.    To  trace  a  Une  through  a  given 
point  parallel  to  a  given  Une.    With  the  Oompaeiy  take  the  Bear- 
ing of  the  ffven  line,  and  then,  from  the  given  point,  ran  a  Kne 
^nith  the  same  Bearing. 

With  the  Traneit  or  TheodolUey  set  it  at  any  convenient  T>oint 
of  the  ^ven  fine,  ai  A,  direct  Fig-  276. 

it  on  this  line,  and  note  the  read-  -^r- ^ 

ing.    Then  torn  the  vernier  till      \ 

the  OFOfla-hain  biseet  the  given        \ 

point,?.    Take  the  instroment to  p  Q 

this  pomt  and  sight  back  to  the  f<»rmer  station,  by  the  lower  motion, 
witiiout  chan^g  tho  reading.  Then  move  the  veniier  till  the 
reading  is  either  the  same  as  it  was  vrhen  the  telescope  was  di- 
rected on  the  given  lme»  or  is  180"^  ££Berent.  It  wiU  then  be  di^ 
leeted  (forward  or  baekward)  on  PQ,.  a  parallel  to  AB,  since  equal 
angles  have  been  measured  at  A  and  P.  The  manner  of  reading 
them  is  similar  to  the  method  of  ^Traversing,"  Art.  (S7S}. 

(446)    To  trace  a  line  through  a  given  jpoint  panMd  to  an 
inaceeseible  Une.    Let  C  be  the  g^ven  ^v*  ^^7* 

pomt,  and  AB  the  inaccessible  line.  -^X        ^ 

ilnd  the  angle  CAB,  as  in  Art.  (4S0). 

Set  the  instrument  at  C,  direct  it  to  A» 

and  then  tiim  it  so  as  to  make  an  angle  G  ifi 

witii  C A  equal  to  the  supplement  of  the  angle  CAB.    It  vrill  then 

point  m  a  direction,  CE,  parallel  to  AB. 
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CHAPTER  n. 


OBSTACLES  TO  ALINENEST. 


A.  To  PROLONG  A  UNB. 


(4M)  The  instrament  being  set  at  the  feurtiher  end  of  a  Bne,  and 
directed  back  to  its  be^nning^  the  n^ts  of  the  Compass j  if  that 
be  used,  ivill  at  once  give  the  forward  direction  of  the  line.  They 
serve  the  purpose  of  the  rods  described  in  Art.  (160).  A  distant^ 
point  being  thus  obtsuned,  the  Compass  is  taken  to  it  and  the  pro- 
cess repeated.  The  use  of  the  Transit  or  Theodolite^  for  this 
purpose,  was  fully  explained  in  Art.  (S76). 

(110)  By  perpeiilcilars.    When  a  tree,  or  house,  obBtmcting 
the  line,  is  met  with,  place  the  insiani-  Fis-  278. 

ment  at  a  pomt  B  of  the  line,  and  set    4  ^^n. 

iW — - 


oflF  there  a  perpendicular,  to  C ;  set  oflf  

another  at  G  to  D,  a  third  at  D  to  E,  ^      ^ 

making  DE  =  BC,  and  a  fourth  at  E,  which  last  will  be  in  the 
direction  of  AB  prolonged.  If  perpendiculars  cannot  be  con- 
veniently used,  let  BO  and  DE  make  any  equal  angles  with 
the  line  AB,  so  as  to  make  CD  parallel  to  it 

(411)  By  an  efHilateral  trlanirl^. 

At  B,  turn  aside  from  the  line  at  an  A^ 
angle  of  60^,  and  measure  some  con- 
venient distance  BC.    At  C,  turn  60^ 
in  the  contrary  direction,  and  mea-  c 

sure  a  distance  CD  =s  BC.  GThenwiUDbe  a  point  in  the  lineAB 
prolonged.  At  D,  turn  60**  from  CD  prolonged,  and  the  new 
direction  will  be  in  the  line  of  AB  prolonged.  This  method  rs 
quires  the  measurement  of  one  angle  le^  than  the  preceding. 
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(412)  By  triaigvlatlm.    Let 

AB  be  the  line  to  be  prolonged. 

Choose  some   station  G^  whence 

can  be  seen  A,  B,  and  a  pomt 

beyond  the  obstacle.     Measure 

AB  and  the  angles  A  and  B,  of  c 

the  triangle  ABC,  and 'thence  calculate  the  side  AC.    Set  the 

instrument  at  C,  and  measure  the  angle  ACD,  CD  bemg  any  line 

which  will  clear  the  obstacle.    Let  E  be  the  desired  point  in  &e 

lines  AB  and  CD  prolonged.    G?hen  in  the  triangle  ACE,  will  be 

known  the  side  AC  and  its  including  angles,  whence  CE  can  be 

calculated.    Measure  the  resulting  distance  on  the  ground,  and 

its  extremity  will  be  the  desired  point  E.     Set  the  instrument  at 

E,  sight  to  C,  and  turn  an  angle  equal  to  the  supplement  of  the 

angle  AEC,  and  you  will  have  the  direction,  EF,  of  AB  prolonged. 

(41S)  Wken  tbe  line  to  be  proloiiir«<  is  iiaccesslUe.     Li 

this  case,  before  the  preceding  method  can  be  applied,  it  will  be 
necessary  to  determine  the  lengths  of  the  lines  AB  and  AC,  and 
the  angle  A,  by  the  method  given  in  Art.  (ISO). 

(414)  To  prolong  a  Uie  witb  oily  an  angvlar  instment. 

This  may  be  done  when  no  means  of  measuring  any  distance  can  be 
obtained.    Let  AB  be  the  line                     Fig.  2Si. 
to  be  prolonged.    Set  the  in*  C 
strument  at  B  and  deflect  an- 
gles of  45**  m  the  directions  C  4: B/jy 

and  D.     Set  at  some  point,  C,  .  ^^ 

on  one  of  these  lines  and  deflect 
from  CB  45^,  and  mark  the 
point  D  where  this  direction  intersects  the  direction  BD«  Also,  at 
C,  deflect  90^  from  OB.  Then,  at  D,  deflect  90**  from  DB.  The 
mtersections  of  these  last  directions  will  fix  a  point  E.  At  B 
deflect  ISS"*  from  EC  or  ED,  and  a  line  EF,  in  the  direction  of 
AB  will  be  obtained  and  may  be  continued.* 

♦  Thia  ingentoas  contriyance  it  due  to  a  former  student,  Mr.R.  Hood,  in  whose 
practice,  while  running  an  air  line  for  a  railroad,  the  neceuity  occurred. 


9M  0B8TACLSS  IS  AlfiiLAB  SHEWKKUC.    [pikti^ 

R  To  IHTSBPOLATB  PODnS  IH  ▲  UBB. 

(US)  TheinslariimentbemgBetaioiieeiidof  almeaDd  ds^ 
to  the  other,  intennediate  pomis  can  be  fcond  as  in  Art.  (177), 
kc.  If  a  valley  interyenes,  the  ai^ta  of  tiie  GompasB,  (it  Ae 
Compaaa-piate  be  yery  carefollj  kept  leyd  croaa-wsya)^  or  the  tde* 
acope  of  the  Tranait  or  Theodolite,  anawer  aa  anbadtirtes  for  Qie 
phmMbe  of  Art.  (m). 

(4M>  tr  a  raalMi  line.  When  a  vood,  hiD,  or  other  obata- 
ele,  preyenia  oae  end  of  the  line,  Z,  Fig.  2aa. 

from  being  seen  from  the  other.  A,  nm  ^^f/^S^j 

a  rand(»n  line  AB  with  the  Compa8a<»  a^SM^^Z4 
Tranat,  &c.,  aa  nearly  in  the  desired 
direction  aa  can  be  gaeased,  till  yon  aniye  oppoote  ttie  pdnt  Z. 
Meaanre  the  error,  BZ,atright  ao^ea  to  AB,  aa  an  oflbet.  Multi- 
ply this  error  by  57^,  and  divide  the  product  by  the  distance  AB. 
The  quotient  will  be  the  degrees  and  decimal  parts  of  a  degree, 
contained  m  the  angle  BAZ.  Add  (x  aobtraci  Ihia  ai^e  to  or 
from  the  Bearing  or  reading  iritii  wlneh  AB  naa  run,  according  to 
the  side  on  which  the  error  waa,  and  start  from  A,  witii  this  cer- 
rected  Bearing  or  reading,  to  run  another  line,  which  will  come  out 
at  iS,  if  no  error  has  been  committed.* 

Mpdumple.  A  random  line  was  nm,by  conqmss,  with  aBearing 
of  S.  80''  E.  At  20  chains'  distance  a  p(uat  waa  reached  oppoaile 
to  the  desired  point,  and  10  Imks  &tant  from  it  on  ita  n^i* 
Required  the  correct  Bearing. 

Am.    By  the  rule,  ^^  ^^r*  =  0^2865  =  17'.     The  cor- 

rect  Bearing  is  therefore  S.  SO*"  17'  E.  If  the  Trauat  had  been 
used,  its  reading  would  have  been  changed  for  the  new  line  by  the 
same  17'.  A  simple  diagram  of  the  case  will  at  once  shew  vrfaelher 
the  correction  is  to  be  added  to  the  ori^al  Bearing  or  angle,  or 
anbtracted  from  it. 

*  Tbia  rale  ii  fabstantially  identiccl  with  dist  of  Avt  (319),  where  its  reMn  if 
aiveiL 
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If  Trigonometrical  Tables  are  at  hand,  the  correction  will  be 

more  precisely  obtained  from  this  equation ;    Tan.  BAZ  » -^r^. 

A3 


BZ 
In  this  example,  j=  i 


10 


2000 


.005  =  tan.  IT.'] 


The  57*^.8  rule,  as  it  is  sometimes  called,  may  be  yariouslj  modi- 
fied. Thus,  multiply  the  error  by  86^,  and  divide  by  one  and  a  half 
times  the  distance  ;  or,  to  get  the  correction  in  minutes,  multiply 
by  3488  and  divide  by  the  distance ;  or,  if  the  error  is  ^ven  in 
feet  snd  the  dkitance  in  four-rod  chains,  multiply  the  former  by  52 
and  divide  by  the  distance,  to  get  the  correction  in  nunutes. 

The  correct  Hne  may  be  run  with  the  Bearing  of  the  random 
line,  by  turning  the  vernier  for  the  correction,  as  in  Art.  (812). 


(417)  By  Utttaies  ani  Itopartiires.  When  ^^i^-^^- 
a  angle  line,  such  as  AB,  cannot  be  run  so  as  to 
come  opposite  to  the  ^ven  point  Z,  proceed  thus, 
with  the  Compass.  Bun  any  number  of  ^g-zag 
courses,  AB,  BC,  CD,  DZ,  m  any  convenient 
direction,  so  as  at  last  to  arrive  at  the  desired  point. 
Calculate  the  Latitude  and  Departure  of  each  of 
ftese  courses  and  take  their  algebraic  sums.  The 
sum  of  the  Latitudes  will  be  equal  to  AX,  and  that 

of  the  Departures  to  XZ.  ThenisTan.ZAXs==rY; 

i.  e.  the  algebraic  sum  of  the  Departures  divided 

by  the  algebraic  sum  of  the  Latitudes  is  equal  to  the  tangent  of 

the  Bearing.* 

(ilS)  When  the  Tramit  or  Theodolite  is  used,  any  line  may  be 
taken  as  a  Meridian,  i.  e.  as  the  line  to  which  the  followmg  lines 
are  refened ;  as  in  "  Traversing,'*  Art.  (878),  page  254,  all  the 
successive  lines  were  referred  to  the  first  line.  In  the  figure,  on 
the  next  page,  the  same  lines  as  in  the  precediog  figure  are  repre- 

*  The  leDgth  of  the  line  AZ  can  also  be  at  once  obtained  tinoe  it  is  equal  to 
the  iqQare  root  of  the  sam  of  the  sqoarea  of  AX  and  XZ ;  or  to  the  L^tadtr 
diTided  by  the  oosiae  of  the  Bearing. 
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sented,  bat  they  are  referred  to  the  first  coarse, 
ABy  instead  of  to  the  Magnetic  Meridian  as 
before,  and  their  Latitades  are  meaflured  along 
its  prodaced  line,  and  its  Departures  perpen- 
dicolar  to  it.  As  before,  a  right-angled  triangle 
will  be  formed,  and  the  angle  ZAY  will  be 
the  angle  at  A  between  the  first  line  AB  and 
the  desired  line  AZ. 

This  method  of 'operation  has  many  osefol/ 
applications,  sach  as  in  obtaining  data  for  running  Railroad  Curveey 
&c.,  and  the  student  should  master  it  thoroughly. 

The  desired  angle  (and  at  the  same  time  the  distance)  can  be 
obtained,  approximately,  in  this  and  the  preceding  case,  by  finding 
in  a  Traverse  Table,  the  final  Latitude  and  Departure  of  the  dedred 
line  (or  a  Latitude  and  Departure  having  the  same  ratio)  and  the 
Bearing  and  Distance  corresponding  to  these  will  be  the  an^ 
and  distance  desired. 


(419)  By  staiUar  triangles.  ^i  ^^' 

Through  A  measure  any  Ime  CD. 
Take  a  point  E,  on  the  line  CB, 
beyond  the  obstacle,  and  from  it 
set  off  a  parallel  to  CD,  to  some 
point,  F,  in  the  line  DB.  Measure 
EF,  CD,  and  CA.  Then  tiiis  pro- 
portion, CD  :  CA  : :  EF  :  EG,  will  give  the  distance  EG,  fiom 
E  to  a  point  in  the  line  AB.     So  for  otiier  points. 

(4J0)   By  trlai«ahtioii.      When  ^'8^^- 

obstacles  prevent  the  preceding  me- 
thods being  used,  if  a  point,  C,  can  be 
found,  from  which  A  and  B  are  accessi- 
ble, measure  the  distances  CA,  CB, 
and  the  angle  ACB,  and  thence  calculate  the  angle  CAB. '  Then 
observe  any  angle  ACD,  beyond  the  obstacle.  Li  the  triangle 
ACD,  a  side  and  its  including  angles  are  known,  to  find  CD.  Mea> 
Bore  it,  and  a  point,  D,  in  the  deured  line,  will  be  obtained. 
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CHAPTER  m. 


60^' 


OBSTACLES  TO  HEASUREIIIEIIT. 


A.  When  both  ends  ov  thb  likb  arb  aocessiblb. 

(121)  The  methods  given  in  Qie  preceding  Chapter  for  prolong* 
uig  a  line  and  for  interpolating  points  in  it,  will  generally  g^ve  the 
length  of  the  line  bj  the  same  operation.  Thus,  in  Fig.  278,  the 
inaccessible  distance  BE  is  equal  to  CD ;  in  Fig.  279,  BD  =  BG 
ss  CD ;  in  Fig.  280,  the  distance  BE  can  be  calculated  from  the 
same  data  as  CE ;  in  Hlg.  282,  AZ  =  VCAB^  +  BZ>) ;  in  Ilg. 
288,  AZ  =  V(AX»  +  XZO  ;  in  Rg.  284,  AZ  =  V(AYa  + 

YZ»)  ;  in  Fig.  285,  AG  =  5?i^zHl ;  in  Fig.  286,  the  tri- 

an^e  ACD  will  ^ye  the  distance  AD.  The  method  of  Latitudes 
and  Departures,  Arts.  (417)  and  (418),  is  very  generally  appli- 
cable.    So  is  the  following. 


(422)  By  triangidatloii.   Let  AB  Fig*  ^' 

be  the  inaccessible  distance.  From 
any  point,  C,  from  which  both  A  and 
B  are  accessible,  measure  CA,  CB, 
and  the  angle  ACB.  Then  in  the 
triangle  ABC  two  sides  and  the  in- 
cluded angle  are  known  to  find  the 
aide  AB.  If  all  the  angles  can  be  measured,  they  may  be  coi^> 
rected,  as  in  Art.  (387)  •* 

(42S)  A  broken  Base.  When  the  angle  C  is  very  obtuse,  the 
preceding  problem  may  be  modified  a^  follows.  Naming  the  Imes 
as  is  usual  in  Trigonometry,  by  small  letters  corresponding  to  the 

*  In  this  figure,  and  the  following  ones,  the  angular  point  enclosed  in  a  drclt 
indicatei  the  place  at  which  the  inatrament  ia  set 


OBSTAMJH  n  JMULAB  gDliETII«.     [sABf  m. 


capital  letten  at  the  angles  to  which  they  are  oppoate,  and  letting 
K  s=  die  number  of  minutes  in  Hie  supplement  <tf  Hie  an^e  G,  ire 

Fig.  288. 

— _^_.^ — ._^ — . 

shall  haye 


AB  =  e  =  a  +  h  —  0.000000042S08  x 


a+b' 


This  formula  is  clnefly  used  in  the  case  of  ivhat  is  called  in  TA' 
angular  Sunpejing  <^  A  broken  Base;"  such  as  abore;  AC  and 
CB  being  measured  and  fbnmng  very  neariy  a  strai^  line,  and 
the  lengUi  of  AB  being  required* 

Log.  0.000000042308  »-  2.6264222—10.       * 


(4St)ityaiiileBl#lumni»oiit8.  The  leng^  of  a  line,  boOi 
ends  of  which  are  accesffible,  may  also  be  determined  by  an^es 
measured  at  its  extremities  between  it  and  the  directions  of  two  or 
more  known  points.  But  as  the  methods  of  calculation  mvolye  sub- 
flequent  problems,  tiiey  will  be  postponed  to  Articles  (Wi)j  (JM) 
and  (4t7). 

B.  Week  om  end  ov  thb  unib  is  ikaocbssiblb. 

(425)  lly  ferpeidicalarst  Many  of  the  methods  ^yen  for 
the  chain,  in  Part  IE,  Chapter  Y,  may  be  still  more  advantageously 
em|Joyed  with  angular  instruments,  which  can  so  much  more  easily 
and  precisely  set  off  the  Perpendiculars  required  in  Articles  (If  l)f 
(IW),  (m),  &c. 

(426)  By  «4ua  angles.    LetAB  Fig.  289. 
be  the  inaccessible  line.   At  A  set  off  *3^ 
AG,  perpendicular  to  AB,  and  as 
nearly  equal  to  it,  by  estimation,  as 
the  ground  will  permit.    At  C,  mea- 
sure the  angle  AGB,  and  turn  the 
rights,  or  vernier,  till  ACD  =  ACB. 
Find  the  point,  D,  at  the  intersections  of  the  lines  CD  and  BA  pro- 
duced.   Then  is  AD  =  AB. 


out.  m.] 
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(417)  ^rMai«*liM»    Measure  a  distance        Fis>2M^ 

AG,  about  equal  to  AB.    Measure  the  angles  at  ^.^ 

A  and  C.    Then  in  the  trian^e  ABO,  two  angles 

and  the  included  side  are  known,  to  find  another 

•J      AT>       ACsin.ACB 
side,AB  =  — : — rr^Tr-* 
sm.  ABC 

When  the  compass  is  used,  the  angles  between 
the  lines  will  be  deduced  from  their  respective 
Bearings,  by  the  principles  of  Art.  (243). 

If  the  angle  at  A  is  90^  AB  =  AC  .  tang.  ACB. 

K  A  =  90^,  and  C  =  45°,  then  AO  =  AB ;  but  this  position 
could  not  easily  be  obtained,  except  by  the  use  of  the  Sextmt, 
a  reflecting  instrument,  not  described  in  this  volume. 


(428)  Wkei  one  pelnt  cauot  be  seei  fk'on  the  other*-^ 


Choose  two  points,  C  and  D,  m  the  Ime 
of  A,  and  such  that  from  C,  A  and  B  can 
be  seen,  and  from  D,  A  and  B.  Measure 
AC,  AD,  and  the  angles  C  and  D.  Then, 
in  the  triangle  BCD,  are  known  two  an- 
gles and  the  mcluded  side,  to  find  CB. 
Then,  m  the  triangle  ABC,  are  known 
two  sides  and  the  included  angle,  to  find 
the  third  ride, 'AB. 


Fig.  291. 


(429)  To  find  flie  dtotance  IhNu  a  glYin  pelnt  to  ai  liacces- 
Sikle  liaet  In  Hg.  275,  Art.  (4M),  the  reqtdred  distance  is 
CE.  The  operations  therein  directed  give  the  line  CA  and  the 
angjieCAB^orCAE.  Therequiredd]8taaoeCEs=CA.rin.CAB. 
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0.  Whbn  both  bnds  of  zra  linb  abb  isAoommmsjL 

(4M)  deiieral  method.    Let  Fig  S9s. 

AB  be  the  maccesfflble  line. 
Meaaare  any  convenient  distance 
CD,  and  tiie  angles  ACD,  BCD, 
ADC,BDC. 

Then,  in  the  triangle  CDA, 
two  angles  and  the  included  ude 
are  ^ven,  to  find  CA.  In  the 
triangle  CDB,  two  angles  and  the 
included  ude  are  given,  to  find 
CB.  Then,  m  the  triangle  ABC, 
two  sides  and  the  included  angle 
are  ^yen,  to  find  AB. 

The  work  may  be  verified  by  taking  another  set  of  triang^esi 
and  finding  AB  from  the  triangle  ABD  instead  of  ABC. 

The  Mowing  formulas  will  however  give  the  de^d  distance 
with  lesb  labor. 

Rnd  an  angle  K,  such  that  tang.  K  =  ""'  ^f  ^  '  '^^'  g^^. 
^       '  ^  sin.  CAD .  Bin.  BBO 

Then  find  the  difference  of  the  unknown  angles  m  the  trian^ 
CAB  from  the  formula 
Tang,  i  (CAB— ABC)  =  tang.  (45**— K)  .  cot.  ^  ACB. 
Then  is  CAB  =  ^  (CAB  —ABC)  +  I  (CAB  +  ABC). 

TiC    11       A  -D      /m  ^*  BDO  .  sin.  AOB 
Enally,  AB  =  CD  ^^ — 7r=ir — : — ttt^- 
^^  sin.  CBD  .  sin.  CAB 

Example.  Let  CD  =  7106.25  feet;  ACD  =  95°  17'  20"; 
BCD  =  er  41'  60" ;  ADC  *=  89*^  88'  40" ;  BDC  =  78*^  85'  10"; 
required  AB. 

The  figure  is  constructed  with  these  data  on  a  scale  of  5000  feet 
to  1  inch  =  1:60000. 

By  the  above  formulas,  K  is  found  to  be  80*  26'  5" ;  CAB  = 
118°  55'  87" ;  and  lastly  AB  =  6598.82. 

Both  the  methods  may  be  used  as  mutual  checks  in  any  im* 
portant  case. 


m.}  OMacles  to  HeaJUreHiiit. 

Fig.  293. 

If  the  lines  AB  and  CD  crossed 
each  other,  as  in  Hg.  293,  instead  of 
being  situated  as  in  the  preceding 
figure,  the  same  method  of  calcula- 
tion would  apply. 


291 


A^-^: 


(481)  ProMemt  Hb  measure  tm  inaeceesible  distance^  AB, 
icien  a  painty  C,  in  its  line  can  be  obtained.  Set  the  instrument 
at  a  point,  D,  from  which  A,  B  Fig-  294. 
and  C  can  be  seen,  and  measure 
the  angles  CDA  and  ADB. 
Measure  also  the  line  DC  and 
the  angle  C.  Then  in  the  tri- 
angle AGD  two  angles  and  the 
included  side  are  given  to  find 
AD.  In  the  triangle  DAB^  the 
angle  DAB  is  known,  (being  equal  to  ACD  +  CDA),  and  AT) 
haying  been  found,  we  again  have  two  angles  and  the  included  side 
to  find  AB. 

(482)  ProUeiDf     To  measure  an  inaccessible  distance^  AB, 
whm  only  one  pointy  C,  can  be  found  from  which  both  ends  of  the 


Fig.  295. 


Une  can  be  seen.  Consider  CA 
and  CB'as  distances  to  be  deter- 
mined, having  one  end  accessible. 
Determine  them,  as  in  Art.  (427)  9 
by  choosing  a  point  D,  from  which 
G  and  A  are  visble,  and  a  point  E 
from  which  C  and  B  are  visible. 
At  C  observe  the  angles DCA,  ACB  ^ 
and  BCE.  Measure  the  distances  CD  and  CE.  Observe  the 
angles  ADC  and  BEC.  Then  m  the  triangle  ADC,  two  angles  and 
the  included  side  are  ^ven,  to  find  CA ;  and  the  same  in  the  tri- 
angle CBE,  to  find  CB.  Lastly,  in  the  triangle  ACB  two  sides 
and  the  included  angle  are  known,  to  find  AB. 
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(4tS)  TrMtm^  To  meamre  an  inaeee$$SUe  distaneej  AB; 
when  no  pimt  eon  he  fovmd  from  which  ihe  two  endM  eanheum. 
Let  C  be  a  point  from  which  A  is  Fig.  sm. 

Timble,  and  D  a  p(Hnt  from  which 
B  is  yisible,  and  also  C.  Measure 
CD.  Fmd  the  distances  CA  and 
DB,  as  in  the  preceding  problem ; 
L  e.  choose  apomt  £,  from  which  A 
and  C  are  visible,  and  another 
yAskiy  F,  from  which  D  and  B  are  visible.  Measure  £0  and  DF. 
Obserye  the  angles  AEC,  ECA,  BDF  and  DFB ;  and  at  the  same 
tame  the  angles  AGD  and  GDB,  for  the  subsequent  work.  Thea 
CA  and  DB  will  be  found,  as  were  CA  and  CB  in  the  last  problem. 
Then  m  the  triangle  CDB,  two  sides  and  the  mduded  an^e  an 
known  to  find  CB  and  the  angle  DCB ;  and,  lastly,  in  the  tiian^e 
ACB,  two  sides  and  the  included  angle  (the  di&rence  of  ACD 
and  DCB)  to  find  AB. 


(4SI)  PraUsM.    To  Interpolate  a  Base. 

o^'ecte.  A,  B,  C,  D,  hdng  in  a  right 
Unej  and  visible  Jrom  only  one  pointy 
Ejitis  required  to  determine  Ae  cUe- 
tanee  between  the  middle  points^  B 
and  C,  the  exterior  diitanceSy  AB 
and  CD,  being  hmtrn. 

Let  AB  =  a,  CD  =  5,  BC  =  a?; 
AEB  =  P,  AEC  =  Q,  AED  =  R. 

Calculate  an  auxiliary  angle,  E,  such  that 

4ab         enn.  Q  .  sin.  (R— P) 


Four  tnaeeeseUle 

Fig.  297. 


tang.a  E  •• 


\a  —  by  •  8iaP.an.tB— Q)* 


Then  is  x 


a  +  h 


a  —  h 
2  .  008.  K' 


Of  the  two  values  of  «,  the  poritive  one  is  alone  to  be  taken. 

This  problem  is  used  in  TWangular  Surveying  when  a  portion  of 
a  Base  Une  passes  over  water,  &c. 
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(4S5)  ProUeBff  Given  the  angles  observed,  at  the  ends  of  a 
line  fffhieh  cannot  he  measured,  between  it  and  the  ends  of  a  Une 
of  known  length  but  inaeeessibley  required  the  length  of  ihe  former 
Une.  This  Problem  is  the  converse  of  Uiat  given  in  Art.  (4M). 
Its  figure,  292,  may  represent  the  case,  if  the  distance  AB  be 
regarded  as  known  and  CD  as  that  to  be  found.  Use  the  first  and 
second  formulas  as  before,  and  invert  the  last  formula,  obtainmg 
— ._^^8in.  CBD  .  sin.  CAB 
rin.  BDO  .  8in.  ACB* 

This  problem  may  also  be  solved,  indirectly,  by  assuming  any 
length  for  CD,  and  thence  calculating  as  in  the  first  part  of  Art. 
(480)9  ^^  length  of  AB  on  this  hypothesis.  The  imaginary 
figure  thus  calculated  is  stmilar  to  the  true  one ;  and  the  true 
length  of  CD  will  be  ^ven  by  this  proportion ;  calculated  length 
of  AB  :  true  length  of  AB  ::  assumed  length  of  CD  :  true  lengtii 
of  CD. 

The  length  of  CD  can  also  be  obtained  pig.  293. 

graphically.     Take  a  Ime  of  any  length,      ^  

as  Ciy,  and  firom  C  and  D' lay  off  an^es        l\y 

equal  to  those  observed  at  C  and  D,  and       \y/\y 

thus  fix  pwnts  A,  F.    Produce  AB'  till  it    ^^^C^ 

equals  the  pven  distance  K&,  on  any  de-  ^ly^ 

rired  scale.    From  B  draw  a  parallel  to  '"*<*<.^^ 

BT)',  meeting  AD'  produced  m  D;  and  ^^"^••^^L 

9lm  D  draw  a  parallel  to  D'C  meeting  ^ 

AC  produced  in  C.    Then  CD  will  be  the  ^dqidred  distance  to 

Ihe  same  scale  as  AB.* 

(IM)  ProMillf  Three  points^  A,  B,  C,  being  gwen  by  their 
Ottanees  from  each  other,  and  two  other  points,  P  and  Q,  being 
so  situated  that  from  each  of  them  two  of  the  three  points  can  be 
seen  md  the  angles  APQ,  BPQ,  CQP,  BQP,  be  measured,  it  is 
rmuired  to  determine  the  positions  of  P  and  Q. 

«  See  Artible  (458)  for  a  Mlntion  of  this  problem  by  the  PUme-Table. 
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as  m  Art.  (S*?),  by  describ- 
ing a  circle  passing  through 
A  and  B,  and  having  the  cen- 
tral angle  subtended  by  AB, 
equal  to  twice  the  ^ven  an-  p^ 
gle  APB,  and  thus  contsun-  \ 
ing  that  angle.  The  point 
P  will  lie  somewhere  m  its 
circumference.  Describe  another  circle  pasdng  through  B  and  G, 
and  having  a  central  angle  subtended  by  BC  equal  to  twice  the 
^ven  angle  BQC.  The  point  Q  will  lie  somewhere  in  its  cir- 
cumference. From  A  draw  a  line  making  with  AB  an  angle  =s 
BPQ,  and  meetmg  at  X  the  circle  first  drawn.  From  C  draw  a 
line  making  with  CB  an  angle  ==  BQP,  and  meeting  the  second 
circle  in  Y.  Join  XY  and  produce  it  till  it  cuts  the  circles  in 
poiniB  P  and  Q,  which  will  be  those  required ;  since  BPX  £=  BAX 
=  BPQ ;  and  BQY  =  BC Y  =  BQP. 

Calculation.  In  the  triangle  ABC,  the  sides  being  given,  Hke 
angle  ABC  is  known.  In  the  triangle  ABX,  a  side  and  all  the 
angles  are  known,  to  find  BX.  In  the  triangle  GBY,  BY  is  simi- 
larly found.  By  subtracting  die  angle  ABC  &om  the  sum  of  the 
angles  ABX  and  CBY,  the  angle  XBY  can  be  obtained.  Then 
m  the  triangle  XBY,  the  sides  BX,  BY,  and  the  included  angle 
are  given  to  find  the  other  angles.  Then  in  the  triangle  BPiP 
are  known  all  the  angles  and  the  side  BX  to  find  BP.  In 
the  triangle  BQY,  BQ  is  found  m  like  manner.  Finally,  in  the 
triangle  BPQ,  PQ  can  then  be  found. 

If  desired,  we  can  also  obtain  AP  m  the  triangile  APB ;  and  CQ 
in  the  triangle  CBQ. 

(137)  ProMenif  Four  paints^  A,  B,  C,  D,  being  given  in 
position^  bg  their  nrntual  distances  and  directions,  and  two  other 
pointSj  P  and  Q,  being  so  situated  that  from  each  of  them  two  of 
the  four  points  can  be  seen  and  the  angles  APB,  APQ,  PQC  €md 
FQD  measured,  it  is  required  to  determine  the  position  of  P  and  Q. 


CoNSTRuonoiT.  Begin  as  m  the  last  arhce,  by  describing  on 
AB  the  segment  of  a  circle  to  contain  an  angle  eqnal  to  APB. 
From  B  draw  a  chord  BE,  making  an  angle  with  BA  eqnal  to  ^e 
supplement  of  the  angle  APQ.  On  CD  describe  another  segment 
to  contain  an  angle  equal  to  CQD.  From  G  draw  a  chord  OF, 
making  an  angle  with  CD  equal  to  the  supplement  of  the  angle 
DQP.  Draw  the  line  EF,  and  it  will  cut  the  two  circles  in  the 
required  points  P  and  Q.* 

Calculation.  To  obtwn  PQ  =  EF— EP — QF,  we  proceed 
to  find  those  three  lines  thus.  In  the  triangle  ABjE!,  we  know  the 
nde  AB,  the  angle  ABE,  and  the  angle  AEB  =  APB;  whence 
to  find  EB.  In  the  same  way,  the  triangle  CFD  gives  FC.  In 
the  triangle  EBC  are  known  EB  and  BC,  and  the  angle  EBC  =» 
ABC — ABE ;  whence  EC  and  the  angle  ECB  are  found.  In 
the  triangle  ECF  are  known  EC,  FC,  and  the  angle  ECF  =  BCD 
—  ECB— FCD;  whence  we  find  EF,  and  the  angles  CEF  and 
CFE. 

In  the  triangle  BEP,  we  have  EB,  the  angle  BEP  =  BEC  + 
CEP,  and  the  angle  BPE=»BPA  +  APE  ;  to  find  EP  and  PB. 
In  the  triangle  QCF,  we  have  CF,  and  the  angles  CQF  and  CFQ, 
to  find  QC  and  QF.    Then  we  know  PQ  =  EF— EP— QF. 


*  For,  the  angle  APQ  in  the  figare  eqnali  the  mearared  angle  APQ,  becanio 
the  aupplement  of  the  former,  BPA,  eqoala  the  Bupplement  of  the  latter,  lince  il 
u  measured  by  the  same  arc  ai  the  angle  ABB,  eqaal  to  that  lapplement  by  oon^ 
•traction.    So  too  with  the  angle  DQP. 
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The  other  diatancesy  if  desired^  can  be  easily  found  from  the  above 
data,  some  of  the  calculations,  not  needed  for  FQ,  bemg  made  with 
reference  to  them.  In  the  tiiaii^e  ABP,  we  know  AB,  BP,  and 
(he  angle  BAP,  to  find  the  angle  ABP  and  AP.  In  the  trian^e 
QDC  we  know  QO,  CD,  and  ibe  an^e  CQD,  to  find  the  angle 
QCD  and  QD.  In  the  triangle  PBO,  we  know  PB,  BC,  and  the 
angle  PBO  =  ABC — ABP,  to  find  PC.  Lastly,  in  the  triangle 
QCB,  we  know  QC,  CB,  and  the  angle  QCB  =»  DCB— DCQ,  to 
findQB. 

The  solution  of  this  problem  includes  the  two  precedmg ;  fiir,  let 
the  Ime  BC  be  reduced  to  a  pomt  so  that  its  two  ends  come  toge- 
ther and  the  three  lines  become  two,  and  we  have  the  problem 
of  Art.  (4S6).;  and  let  the  line  AB  be  reduced  to  a  point,  B, 
and  CD  to  a  point,  C,  and  we  have  but  one  line,  and  the  problem 
becomes  that  of  Art.  (4SS). 

In  these  three  problems,  if  the  two  stations  lie  m  a  right  line 
with  one  of  tiie  ^ven  points,  the  problem  is  indeterminate. 


A 


Four  pabUi,  A,  B,  C,  D» 

Fig.  301. 
C 


(OS)  ProHen  of  tlie  eight  points. 

are  inaeeeinblef  but  vtsibh 
from  four  other  points^  E, 
VyGtjB.;  it  i$  required  to 
find  the  reepectivediitaneee 
of  these  eight  points;  ike 
only  data  being  the  obser- 
vaOon^  from  each  qf  the 
points  of  the  second  sj/s- 
temy  of  the  angles  under 
which  are  seen  the  points 
of  the  first  system. 


This  problem  can  be  solved,  but  the  great  length  and  complica- 
tion of  the  investigation  and  resulting  formulas  render  it  more  a 
matter  of  curiomty  than  of  utility.  It  may  be  found  inPoissaat's 
"  Topographe^''  page  56 ;  Lefevre's  «  Trigonmetrie^'*  p.  90,  and 
Lefevre's  '' Arpeniage^'  No.  887. 
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TO  gOPPLT  01II88I0N& 


(IS9)  Any  two  omissions  m  a  closed  survey,  whether  of  the 
iirection  or  of  the  length,  or  of  both,  of  one  or  more  of  the  sides 
bonnding  the  area  surveyed,  can  always  be  supplied  by  a  suitable 
i4>plioation  of  the  principle  of  Latitudes  and  Departures,  as  was 
stated  m  Art  (288) ;  although  this  means  should  be  resorted  to 
only  in  cases  of  absolute  necessity,  since  any  omission  renders  it 
impossible  to  ^^  Test  the  survey,"  as  directed  in  Art.  (282).  In 
the  following  articles  the  survey  will  be  considered  to  have  been 
made  with  the  Compass.  All  the  rules  will  however  apply  to  a 
Transit  or  Theodolite  survey,  the  angjles  being  referred  to  any  line 
as  a  meridian,  as  in  "  Traversing." 

To  save  unnecessary  labor,  the  examples  m  the  various  cases 
DOW  to  be  examined,  will  all  be  taken 
fimn  the  same  survey,  a  jdat  of  which 
18  ^ven  in  the  margm  on  the  scale  of 
40  chains  to  1  mch  (1:81,680),  and 
the  Held-notes  of  which,  with  the 
Latitudes  and  Departures  carried  out 
to  five  decimal. places,  are  ^ven  on 
the  following  page.* 


Fig.  302. 


*  The  teachfir  can  mike  any  nnnaber  of  examplei  for  hii  own  uae  by  takiBg 
a  tolerably  aocarate  lorvey,  Btrikiog  oat  the  bearing  and  diitanoe  of  any  one 
ooarae,  and  ealealatiog  it  nrecisely  ai  in  Oase  1,  given  below.  He  can  then  omit 
any  iwo  qnantitiei  at  wiD,  to  be  lapplied  by  the  ftodent  by  meana  of  the  roles 
Mw  to  be  given. 
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fTA. 

DMT. 
IV  LIVU. 

LATITODBl. 

D.r..T.«..         , 

N. 

8. 

E. 

W. 

A 
B 
0 
D 
B 
F 

North. 
N.32»B. 
N.80*B. 
8.  48^  B. 
8.  18*  W. 
N.  73»  2y  21"  W. 

1284 
1782 
3400 
2700 
2860 
46211 

1284.00000 

1511.22171 

416.75568 

1314.60682 

1806.65262 
2720.02159 

0 

944.31619 

2363.53872 

2006.49096 

0 

883.78869 
4430.55725 

4o26.h742l  4526.67421   5314.34587  5314.34587 

Case  1.  When  the  length  and  the  Bearing  of  any  one  wide  are 

wanting, 

(440)  Ymil  the  Latitades  and  the  Departores  of  the  remaining 
sides.  The  difference  of  the  North  and  South  Latitudes  of  these 
lines,  b  the  Latitude  of  the  omitted  line,  and  the  difference  of  iin&i 
Departures  is  its  Departure.  This  Latitude  and  Departure  are  two 
sides  of  a  right  angled  triangle  of  which  the  omitted  line  is  the 
hypothenuse.  Its  length  is  therefore  equal  to  the  square  root  of 
the  sum  of  their  squares,  and  the  quotient  of  the  Departure  divided 
by  the  Latitude  is  tiie  tangent  of  its  Bearing ;  as  in  Art.  (417). 

Li  the  above  survey,  suppose  the  course  from  F  to  A  to  have 
been  omitted  or  lost.  The  difference  of  the  Latitudes  of  the 
remaining  courses  will  be  found  to  be  1314.69682,  and  the  diflbr- 
ence  of  the  Departures  to  be  4430.55725.  The  square  root  of  the 
sum  of  their  squares  is  4621.5 ;  and  the  quotient  of  the  Departure 
divided  by  the  Latitude  is  tiie  tangent  of  73°  28'  21".  The  de- 
ficiencies were  in  North  Latitude  and  West  Departure ;  and  die 
omitted  course  is  tiierefore  N.  73*^  28'  21"  W.,  4621.5 

Casb  2.  When  the  length  of  one  side  and  the  Bearing  qf 
another  are  wanting.  ^ 

(441)  Whei  the  defleieiit  sMes  aiyoli  eack  othert  Und,  as 
in  Case  1,  the  length  and  Bearing  of  the  line  joining  the  ends  (^ 
the  remainmg  courses.  This  line  and  the  deficient  lines  will  form  a 
triangle,  in  which  two  sides  will  be  known,  and  the  angle  between 
the  calculated  side  and  the  ade  whose  Bearing  is  given  can  be 
found  by  Art.  (243).  The  parts  wanting  can  then  be  obtained 
by  the  common  rules  of  Trigonometry. 


CHAP.  IV.] 


To  Supply  OnbdoBS. 


Fig.  303. 


In  the  figure,  let  the  length  of  EF, 
and  the  Bearing  of  FA  be  the  omitted 
parts.  The  difference  of  the  sums  of 
the  N.  and  S.  Latitudes,  and  the  E. 
and  W.  Departures  of  the  complete^/ 
courses  from  A  to  E,  are  respectively 
1405.32477  North  Latitude,  and 
5314.34587  East  Departure.  The 
course,  EA,  corresponding  to  this  de- 
ficiency we  find,  by  proceeding  as  in  case  1,  to  be  S-  75**  ir  16 
W.,  5497.026.  The  angle  AEF  is  therefore  =  75°  11'  15" 
18^  =  57°  IV  15".  Then  in  the  triangle  AEF  are  given  the 
sides  AE,  AF,  and  the  angle  AEF  to  find  the  remaining  parts ; 
TO.  the  angle  AFE  =  9r  28'  21",  whence  the  Bearing  of 
FA  =  91°  28'  21"— 18°  =  N.  73°  28'  21"  W.;  and  the  side 
EF  =  2860. 


(143)  When  tb%  defldent  sides  are  separated  from  each  otter. 

A  modification  of  the  precedmg  method  will  still  apply.    Li  this 

figure  let  the  omissions  be  the  Bearing 

of  FA  and  the  length  of  CD.    Lna^e 

the  courses  to  change  places  without 

changing  Bearing?  or  lengths,  so  as  to 

bring  the  deficient  lines  next  to  each  B  ^ 

other,  by  transferring  CD  to  AG,  AB 

to  GH,  and  BC  to  HD.    This  will  not  X^ 

affect  their  Latitudes  or  Departures. 

JoinGF.   Then  m  the  figure  DEFGH, 

the  Latitudes  and  Departures  of  all  the  sides  but  FG  are  known, 

whence  its  length  and  Bearing  can  be  found  as  in  Case  1. 

Then  the  triangle  AGF  may  be  treated  like  the  triangle  AEF 

in  the  last  article,  to  obtain  the  length  of  AG  =  CD,  and  the  Bear* 

mgofFA. 


(IIS)  Otherunsey  hy  changing  the  Meridian.  Imagine  the  field 
to  turn  around,  till  the  side  of  which  the  distance  is  unknown, 
becomes  the  Meridian,  i.  e.  comes  to  be  due  North  and  Sonth  * 


soo 
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all  the  other  sides  retaining  their  relative  positiona,  and  eontindng 
to  make  the  same  angles  with  each  other.  Change  their  Bearing^ 
accordingly,  as  durected  m  Art.  (244).  Knd  the  Latitades  and 
Departures  of  the  sides  in  their  new  positions.  Smce  the  side 
whose  length  was  unknown%aB  been  made  the  Meridian,  it  has  no 
Departure,  whatever  may  be  its  unknown  length ;  and  the  difference 
of  the  columns  of  Departure  will  therefore  be  the  Departure  of  the 
side  whose  Bearing  is  unknown.  The  length  of  this  side  is  ^ven. 
It  is  the  hypothenuse  of  a  right  angled  triangle,  of  which  the  De« 
parture  is  one  dde.  Hence  the  other  side,  which  is  the  Latitude, 
can  be  at  once  found ;  and  also  the  unknown  Bearing. 

Put  this  Latitude  in  the  Table  in  the  blank  where  it  belongs. 

Then  add  up  the  columns  of  Latitude,  and  the  difference  of  t2ieir 

sums  will  be  the  unknown  length  of  the  side  which  had  been  made 

a  Meridian.* 

Let  the  omitted  quantities  be,  afl  in  the  last  article,  the  length 

of  CD  and  thepSearing  of  FA. 
Make  CD  the  Meridian.  The  chang- 
ed Bearings  will  tiben  be  found  by 
Art.  (214)  to  be  as  in  the  mar^oi. 
To  aid  the  ima^nation,  turn  the 
book  around  till  CD  points  np  and 
down,  as  North  lines  are  usoally 
placed  on  a  map.  Then  obtain  the  Latitudes  of  the  courses  willi 
their  new  Bearings  and  old  distances,  and  proceed  as  has  been 
directed. 

Casb  8.     When  the  lengths  of  two  sides  are  wanting. 

(444)  Wkm  tiM  defctont  sMes  a^efil  each  otter,  find  Oie 
Latitudes  and  Departures  of  the  other  courses,  and  then,  by  Case 
1,  find  tiie  length  and  Bearing  of  the  line  joining  the  extremities 
of  the  deficient  courses.  Then,  in  the  triangle  thus  formed,  are 
known  one  side  and  all  the  angles  (deduced  from  the  Bearings)  to 
find  the  lengths  of  the  other  two  sides. 

*  Thii  conception  of  thni  changing  the  Bearing!  ia  atated  to  be  doe  to  Pro* 
Robert  Patterson,  of  Philadelphia,  by  whom  it  Was  commanicated  to  Mr.  Joha 
"  e»  and  pobUihed  by  him,  in  1814,  in  hia  **  Treatise  on  SorveTing  " 


8TA. 

OLD   BIARINO. 

aiw  BKARiao. 

A 

North. 

N.SO^W. 

B 

N.320B. 

N.  480  w. 

0 

N.80-B. 

North. 

D 

8.  48»  B. 

N.  520  B. 

B 

8.  18^  W. 

8.  62«  B. 

F 
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Thus,  in  Hg.  808,  pagQ  299,  let  EF  and  FA  be  Oie  sides  whose 
lengths  are  nnknown.  EA  is  then  to  be  calculated,  and  its  length 
will  be  found,  as  in  Art.  (411),  to  be  5497.026,  and  its  bearing 
B.  75^  11'  15''  W.,  whence  the  angle  AEF  =  75*  11'  15"— IS* 
=  570  ir  15";  AFE  =  18°  +  78«  28'  21"«:9r  28'  21";  and 
EAF  =  3r  20'  24";  whence  can  be  obtcuned  EF  =  2860  and 
FA  =  4621.6. 

(445)  When  tbe  deficient  sides  are  sejiarated  tnm  each  othert 

Let  the  lengths  of  BO  and  DE  be  those 
omitted.  Again  ima^e  the  courses 
to  change  places,  so  as  to  bring  the 
deficient  lines  together,  DE  being 
transferred  to  CG,  and  CD  to  6E. 
Join  BG.  Then  in  the  figure 
ABGEFA,  are  known  the  Latitudes 
and  Departures  of  all  the  courses  ex- 
cept BG,  whence  its  length  and  Bearing 
can  be  found  as  m  Case  1.  Then  in  the  triangle  BOG,  the  angle 
CBG  can  be  found  firom  the  Bearings  of  CB  and  BG,  and  the  angle 
CGB  from  the  Bearings  of  BG  and  GO.  Then  all  the  angles  of 
Uie  triangle  are  known  and  one  side,  BG,  whence  to  find  the 
required  sides,  BO  =  1782,  and  CG = DE  =  2700. 

(446)  Otherunseybif  eJumffing  the  Meridian.  AsmArt.  (448)| 
ima^e  the  field  to  turn  around,  till  one  of  the  sides  whose  length 
is  wantmg,  becomes  a  Meridian  or  due  North  and  South.  Change, 
all  the  Bearingis  correspondinglj.  Fmd  the  Latitudes  and  Depar- 
tures of  the  changed  courses.  The  diflference  of  the  columns  of 
Departure  will  be  the  Departure  of  the  second  course  of  unknown 
length,  since  the  course  made  Meridian  has  now  no  Departure. 
The  new  Bearing  of  this  second  course  bemg  ^ven,  in  the  right 
angled  triangle  formed  bj  this  course  (as  an  hypothenuse)  and  its 
Departure  and  Latitude,  we  know  one  side,  the  Departure,  and 
the  acute  angles,  which  are  the  Bearing  and  its  complement.  The 
length  of  the  course  is  then  readily  calculated ;  and  also  its  Lati- 
tude.   This  Latitude  bemg  inserted  in  its  proper  place,  the  diffe^ 
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•TA. 
A 

OLD    BCAmiVO. 

VIW    BBABIVO. 

North. 

N.32»W. 

B 

N.  32«E. 

^<lril. 

C 

N.  80»B. 

N.  48»  B. 

D 

8.  49"  E. 

8.  80«E. 

E 

8.  18»  W. 

8.M*B. 

F 

N.  730  SS'  21"  W 

8.  740  31'  39^  W. 

enee  of  the  oohmms  of  Latitade  will  be  ihe  lengA  of  thai  wanting 
aide  wUch  had  been  made  a  Meridian. 
Thofly  let  the  lengths  of  BC  and  DE  be  wanting,  as  in  the  pre- 
ceding example.  Make  BG 
a  Meridian.  The  other  Bear- 
ings are  then  changed  aa  in 
the  mar^.  Calculate  new 
liititades  and  Departures. 
The  diflference  of  the  Depar- 
tures win  be  the  Departure 
of  DE,  sbce  BC,  being  a  Meridian,  has  no  Departure.  Hence, the 
length  and  Latitade  of  DE  are  readily  obtained.  This  Latitade 
being  pat  in  the  table,  and  the  columns  of  Latitade  then  added  an, 
their  difference  irill  be  the  length  of  BC. 

Case  4.     When  the  Bearings  of  two  tides  are  wanting. 

(447)  When  tk«  defletent  sides  adjoin  eacli  oOmt.  Plnd  the 
Latitudes  and  Departures  of  the  other  sides,  and  then,  as  in  Case 
1,  find  the  length  and  bearing  of  the  line  joining  the  extremities 
of  the  deficient  sides.  Then  in  the  triangle  thus  formed  we  have 
the  three  sides  to  find  the  angles  and  thence  the  Bearings. 


(448)  When  tb%  delleient  sides  are  separated  from  eack  irtbert 

Change  the  places  of  the  sides  so  as  to  bring  the  deficient  ones 
next  to  each  other.     Thus,  in  the  Fig.aoe. 

figure,  supposmg  the  Bearings  of  CD, 
•and  EF  to  be  wanting,  transfer  EF  to 
DG,  and  DE  to  GF.  Then  calculate, 
as  in  Case  1,  the  length  and  Bearing  b 
of  the  line  joining  the  extremities  of 
the  deficient  sides,  CG  in  the  figure. 
This  line  and  the  deficient  sides  form  a 
triangle  in  which  the  three  sides  are  F 

gi\-en  to  determine  the  angles  and  thence  the  required  Bearmgs. 

*  The  fulleiit  ioYestigatioo  of  this  subject^  devel oping  many  onriouB  pointfli^  will 
be  found  in  Masoheroni's  *^ProblhMt  de  OiometrU  pour  U$  Arpenteuri^  and  Ubn* 
OUor'f  **J*olygonomitrU.''    The  method  of  Arts.  (442^  (445^  and  (44S)  is  new. 


PAET  vin. 


PLANE  TABLE  SURVEYING. 


(419)  TnB  Plane  Table  is  in  sabstance  merely  a  drawing  board 
fixed  on  a  tripod,  so  that  lines  may  be  drawn  on  it  by  a  ruler  placed 
80  as  to  point  to  any  object  in  sight.  All  its  parts  are  mere  addi- 
tions to  render  this  operation  more  convenient  and  precise.* 

Sach  an  arrangement  may  be  applied  to  any  kind  of  ^^  Angolar 
Smreying" ;  such  as  the  Third  Method,  "  Polar  Surveying,"  in 
its  two  modifications  of  Radiation  and  ProgrMdoUj  (characterized 
in  Art.  (220)),  and  the  Fourth  Method,  by  Intersections.  Each 
of  these  will  be  successively  ezpluned.  The  instrument  is  very 
convenient  for  filling  m  the  details  of  a  survey,  when  the  principal 
pomts  have  been  determined  by  the  more  precise  method  of  "  Tri- 
angular Surveying,"  and  can  then  be  platted  on  the  paper  in 
advance.  It  has  the  great  advantage  of  dispensing  with  all 
notes  and  records  of  the  measurements,  since  they  are  platted  as 
they  are  made.  It  thus  saves  time  and  lessens  mistakes,  but  is 
wanting  m  precision. 

(450)  The  Table*  It  is  usually  a  rectangular  board  of  well 
seasoned  pine,  about  20  inches  wide  and  SO  long.  The  paper  to 
be  drawn  upon  may  be  attached  to  it  by  drawing-pins,  or  by  clamp- 
ing plates  fixed  on  its  sides  for  that  purposeTor  by  springs  pressed 
upon  it,  or  it  may  be  held  between  rollers  at  opposite  sides  of  the 
table.  Tinted  paper  is  less  dazzling  in  the  sun.  Cugnot's  joint, 
described  on  page  134,  is  the  best  for  connecting  it  with  its  tripod, 
though  a  pair  of  parallel  plates,  like  those  of  the  Theodolite,  ai« 
often  used.  A  detached  level  is  placed  on  the  board  to  test  •its 
horizontality ;  though  a  smooth  ball,  as  a  marble,  will  answer  the 
same  purpose  approximately. 

•  The  PUd«  Tibto  to  not  a  OoniomdiTt  or  AngU4n$aiur€^  Uk*  fli«  OompMi^  Tkinrit,  im,\ 
feni  •  {Migrapkt  or  Angh^trawtr. 


804  PLAHE  TABLE  SITRTETBIfi.  [pabt  Tixt. 

A  pair  of  n^ta,  like  those  of  the  compass^  are  sometimes 
placed  under  the  board,  serving,  like  a  ^^  Watch  Telescope,"  (Art. 
(819),  to  detect  any  morement  of  the  instrument.  To  find  what 
point  on  the  lower  side  of  the  board  is  exactly  under  a  point  on 
the  upper  side,  so  that  by  suspending  a  plumb-line  from  the  former 
the  latter  may  be  exactly  over  any  desired  pomt  of  ground,  a  large 
pair  of  ^^  callipers,"  or  dividers  with  curved  legs,  may  be  used,  one 
of  their  points  being  placed  on  the  upper  point  of  Uie  board,  and 
their  other  point  then  determining  the  corresponding  under  pdnt ; 
or  a  frame  forming  three  sides  of  a  rectangle,  like  a  slate  frame, 
xnay  be  placed  so  that  one  end  of  one  side  of  it  touches  the  uj^r 
point,  and  the  end  of  the  corresponding  mde  is  under  the  table 
precisely  below  the  ^ven  point,  so  that  fi^m  this  end  a  plumbJine 
can  be  dropped.  A  compass  is  someiimes  attached  to  tiie  table, 
or  a  detached  compass,  consisting  of  a  needle  m  a  narrow  box, 
(called  a  Declinator),  is  placed  upon  it,  as  denred.  The  edges 
of  the  table  are  sometimes  divided  into  degrees,  like  the  <^  Drawing 
board  Protractor,"  Art.  (278).  It  then  becomes  a  sort  of  Gonio- 
meter, like  Oiat  of  Art.  (218). 

(151)  The  AUdadet  The  ruler  has  a  fiducial  or  feather  edge, 
which  may  be  divided  into  inches,  tenths,  &;c.  At  each  end  it 
carries  a  si^t  like  those  of  the  compass.  Two  needles  would  be 
tolerable  substitutes.  The  si^ts  project  beyond  its  edge  so  that 
their  centre  lines  shall  be  precisely  m  the  same  vertical  plane  as  this 
edge,  in  order  that  the  lines  drawn  by  it  may  correspond  to  the 
lines  sighted  on  by  them.  To  test  this,  fix  a  needle  in  the  board, 
place  the  ruler  against  it,  sight  to  some  near  pomt,  draw  a  linA 
by  the  ruler,  turn  it  end  for  end,  again  place  it  against  the  needle, 
again  sight  to  the  same  point,  and  draw  a  new  line.  If  it  coincides 
with  the  former  line,  the  above  condition  is  satisfied.  The  ruler 
and  sights  together  take  the  name  of  Alidade.  If  a  pomt  should 
be  too  high  or  too  low  to  be  seen  with  the  alidade,  a  plumlhline, 
held  between  the  eye  and  the  object,  will  remove  the  difficulty. 

A  telescope  is  sometimes  substituted  for  the  sigjhts,  being  sup- 
ported above  the  ruler  by  a^standard,  and  capable  of  p(Hnting 
upward  or  downward.    It  admits  of  acyustments  simihir  in  iwindple 
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to  ilie  2d  and  Sd  adjustments  of  the  Transit,  Part  lY,  Chapter  8, 
pages  242  and  246. 

But  even  without  these  adjiistments,  whether  of  the  sights  or 
of  the  telescope,  a  suryej  could  be  made  which  would  be  per- 
fectlj  correct  as  to  the  relative  position  of  its  parts,  however  far 
the  line  of  sight  might  be  from  Ijdng  in  the  same  vertical  plane 
as  the  edge  of  the  ruler,  or  even  from  being  parallel  to  it ;  just  as 
in  the  Transit  or  Theodolite  the  index  or  vernier  need  not  to  be 
exactij  under  the  vertical  hair  of  the  telescope,  smce  the  angular 
deviation  affects  all  the  observed  directions  equally. 

(452)  Hetliod  of  Radlatton.  This  is  the  amplest,  though  not 
the  best,  method  of  surveying  with  the  Plane-table.  It  is  especi- 
ally applicable  to  survey- 
ing a  field,  as  in  the  figure. 
In  it  and  the  following  fi- 
gures, the  size  of  the  Table  /"^  \^  /  ^"I>)C 
is  much  exaggerated.  Set 
the  instrument  at  any  conve- 
nient pomt,  asO;  level  it, 
and  fix  a  needle  (having  a 
head  of  sealing-wax)  in  the 

board  to  represent  the  sta-  F  D 

tion.  Direct  the  alidade  to  any  comer  of  the  field,  as  A,  the  fiducial 
edge  of  the  ruler  touching  the  needle,  and  draw  an  indefinite  line  by 
it.  Measure  OA,  and  set  off  the  distance,  to  any  desired  scale,  fix>m 
the  needle  point,  along  the  line  just  drawn,  to  a.  The  line  OA  is 
thus  platted  on  the  paper  of  the  table  as  soon  as  determined  in  the 
field.  Determine  and  plat  in  the  same  way,  OB,  00,  &;c.,  to  (,  e, 
&;c.  Join  a(,  boy  &c.,  and  a  complete  plat  of  the  field  is  obtamed. 
Trees,  houses,  hills,  bends  of  rivers,  &c.,  may  be  determnied  in 
the  same  manner.  The  corresponding  method  with  the  Compass 
or  Transit,  was  described  in  Articles  (268)  and  (391).  The  table 
may  be  set  at  one  of  the  angles  of  the  field,  if  more  convenient. 
If  the  alidade  has  a  telescope,  the  method  of  measuring  distances 
with  a  stadia,  described  in  Art.  (8W),  may  be  here  applied  witti 
great  advantage. 
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as  to  leare  room    I 

tot  the  plat,  and 

•et  up  the  table  ai 

B,  the  aecond  an- 

gle  of  the  line,  so 

that   the  needle, 

whoee  point  repre* 

ients  B,  and  whiob  ahonld  be  named  &,  diall  be  ezactlj  orer  that 

itation.     Si^t  to  A,  pressing  the  fiducial  edge  of  the  rukr  against 

the  needle,  and  draw  a  Ime  bj  it.    Measure  BA,  and  set  off  its 

length,  to  the  desired  scale,  oa  the  line  just  drawn,  from  i  to  a 

point  a,  representing  A.    Then  sight  to  0,  draw  an  indefinite  line 

by  the  ruler,  and  on  it  set  off  the  lengA  of  BC  from  btoe.    Fix 

the  needle  at  e.    Set  up  at  0,  the  point  e  being  over  this  station, 

and  make  the  line  cb  of  the  plat  coincide  in  direction  with  CB  on 

the  ground,  by  placing  the  edge  of  the  ruler  on  dy  and  turning  the 

table  till  the  sights  point  to  B.    The  compass,  if  the  table  have 

one,  will  facilitate  this.    Then  sight  forward  from  0  to  D,  and  fix 

CD,  ed  on  the  plat,  as  be  was  fixed.     Set  up  at  D,  make  do  comcide 

with  DC,  and  proceed  as  before.    The  figure  shews  the  lines 

drawn  at  each  successive  station.    The  Table  drawn  at  A  shews 

how  the  surrey  might  be  commenced  there. 

In  going  around  a  field,  the  work  would  be  proved  by  the  last 
line  ^^  closmg"  at  the  starting  point; and,  during  the  progress  of 
the  survey,  by  any  direction,  as  from  C  to  A  on  the  ground,  coin- 
cidmg  with  the  corresponding  line,  ea,  on  the  plat. 

This  method  is  substantially  the  same  as  the  method  of  survey- 
ing  a  line  with  the  Transit,  explained  in  Art.  (872).  It  requires 
all  the  points  to  be  accesfiible.  It  is  especially  suited  to  the  sur 
vey  of  a  road,  a  brook,  a  windmg  path  through  woods,  &c.  The 
oflbots  required  may  often  be  sketched  in  by  eye  witii  sufficient 
precision. 
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When  the  ftufer  is  filled,  pat  on  a  new  sheet,  and  be^  by  fixing 
on  it  two  pomtS)  such  ae  C  and  D,  which  were  on  the  former  sheet, 
and  fix)m  them  proceed  as  before.  The  sheets  can  then  be  after- 
wards nnited,  so  that  all  the  points  on  both  shall  be  in  their  tme 
relative  positions. 

(154)  HeAod  of  liitersecUoiif  This  is  the  most  usual  and 
the  most  rapid  method  of  using  the  Plane-table.  The  principle 
was  referred  to  m  Articles  (259)  and  (Stt).  Set  up  ihe  instru- 
ment at  any  convenient  point,  as  X  in  the  figure,  and  iright  to  all 

Fig.  309. 
B  C 


tiie  desired  points  A,  B,  C,  &;c.,  which  are  visible,  and  draw  inde- 
finite  lines  in  their  directions.  Measure  any  line  X7,  Y  being 
one  of  the  points  sighted  to,  and  set  off  this  Ime  on  the  pa{)er  to 
any  scale.  Set  up  at  Y,  and  turn  the  table  till  the  line  XY  on 
the  paper  lies  in  the  direction  of  XY,  on  the  ground,  as  at  0  in  the 
last  method.  Sight  to  all  the  former  points  and  draw  lines  in  their 
directions,  and  the  intersections  of  the  two  lines  of  sight  to  each 
point  will  determine  them,  by  the  Fourth  Method,  Art.  (8). 
Pomts  on  the  other  side  of  the  line  XY  could  be  determined  at  the 
same  time.  In  surveying  a  field,  one  side  of  it  may  be  taken  for 
the  base  XY.  Very  acute  or  obtuse  intersections  should  be 
avoided.  80**  and  150"*  should  be  the  extreme  limits.  The  impos- 
ability  of  always  doing  this,  renders  this  method  often  deficient  in 
precision.  When  the  paper  is  filled,  put  on  a  new  sheet,  by  fixing 
en  it  two  known  pomts,  as  m  the  preceding  me^od. 
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(455)  Heao4  of  Resectim.    This  method  (caUed  by  the  French 
Bseovpemen£)  is  a  modification  of  the  preceding  method  of  Intep* 

Fig.  310. 

B 


section.  It  requires  the  measurement  of  only  one  distance,  but  all 
the  points  most  be  accessible.  Let  AB  be  the  measured  distance. 
Lay  it  off  on  ihe  paper  as  ah.  Set  the  table  up  at  B,  and  turn  it 
till  ihe  line  ha  on  the  paper  coincides  ivith  BA  on  the  ground,  as 
in  the  Method  of  Progression.  Then  sight  to  0,  and  draw  an  mde- 
finite  line  by  the  ruler.  Set  up  at  0,  and  turn  the  Ime  last  drawn 
so  as  to  point  to  B.  Yix.  a  needle  at  a  on  the  table,  place  the 
alidade  agfunst  the  needle  and  turn  it  till  it  sights  to  A.  Then  the 
point  in  which  the  edge  of  the  ruler  cuts  the  line  drawn  firom  B 
will  be  the  point  e  on  the  table.  Next  sight  to  D,  and  draw  an 
indefinite  line.  Set  up  at  D,  and  make  the  line  last  drawn  point 
to  C.  Then  fix  the  needle  at  a  or  i,  and  by  the  alidade,  as  at  the 
last  station,  get  a  new  line  back  from  either  of  them,  to  cut  the  last 
drawn  line  at  a  pomt  which  will  be  d.  So  proceed  as  far  as  de« 
sired, 

CIM)  To  orient  fhe  taktot*  The  operation  of  orientation  con* 
sists  m  placing  the  table  at  any  pomt  so  that  its  lines  shall  have 
the  same  directions  as  when  it  was  at  previous  stations  in  the  same 
survey. 

*  The  French  phr«j^  To  orUnt  one's  self,  meaning  to  determine  one's  pcwitiont 
oraaUy  with  respect  totbe  four  quarters  of  the  heayens,  of  which  the  Orient  is 
the  leading  one,  well  deserves  nataralisation  in  omr  language. 
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TVlth  a  compass,  this  is  yery  easily  effected  hj  tanimg  the  table 
tin  the  needle  of  the  attached  compass,  or  that  of  the  Declinator, 
placed  in  a  fixed  position,  points  to  the  same  degree  as  vhen  at 
the  previous  station. 

Without  a  compass  the  table  is  oriented,  when  set  at  one  end  of 
a  fine  previously  determined,  by  sighting  back  on  this  line,  as  at  G 
in  the  Method  of  Progression,  Art.  (458). 

To  orient  the  table,  when  at  a  station  unconnected  with  others, 
is  more  difficult.  It  may  be 
effected  thus.  Let  oi  on  the  ta- 
ble represent  a  line  AB  on  the 
ground.  Set  up  at  A,  make  db 
coincide  with  AB,  and  draw  a 
line  from  a  directed  towards  a 
steeple,  or  other  conspicuous  ob- 
ject, as  S.  Do  the  same  at  B.  Draw  a  line  cdj  parallel  to  abj 
and  intercepted  between  aS,  and  (S.  Divide  ab  and  cd  into  the 
same  number  of  equal  parts.  The  table  is  then  prepared.  Now 
let  there  be  a  station,  P,  p  on  the  table,  at  which  the  table  is  to  be 
onented.  Set  the  table,  so  that  jp  is  over  P,  apply  the  edge  of  the 
ruler  to  jp,  and  turn  it  till  this  edge  cuts  cd  in  the  division  corre- 
sponding to  that  m  which  it  cuts  ab.  Then  turn  the  table  till  the 
sights  pomt  to  S,  and  the  table  will  be  oriented. 


(457)  To  find  oiM's  place  on  the  gronndi  This  problem  may 
be  otherwise  expressed  as  Interpolating  a  point  in  a  plat.  It  is 
most  easily  performed  by  reversing  the  Method  of  Intersection. 
Set  up  the  table  over  the  station, 
0  in  the  figure,  whose  place  on 
the  plat  ahready  on  the  table  is 
desired,  and  orient  it,  by  one  of 
the  means  described  in  the  last 
article.  Make  the  edge  of  the 
ruler  pass  through  some  point,  a 
on  the  table,  and  turn  it  till  the 
sights  pomt  to  the  correspondmg 
station,  A  on  the  ground.    Draw  a  line  by  the  ruler.    The  deored 
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pomt  ia  somewhere  in  thk  line.  Make  the  ruler  pass  throng 
another  pcunt,  b  on  the  table,  and  make  the  sights  pomt  to  B  on 
the  ground:  Draw  a  second  line,  and  its  intersection  with  the 
first  will  be  the  point  desired.  Using  0  in  the  same  way  would 
give  a  third  line  to  prove  the  worL  This  operation  may  be  used 
as^a  new  method  of  sonrejing  with  the  plane-table,  since  any 
number  of  points  can  have  their  places  fixed  in  the  same  manner. 
This  problem  may  also  be  executed  on  the  principle  of  Trilinear 
Surveying.  Three  points  being  ^ven  on  the  table,  lay  on  it  a  piece 
of  transparent  paper,  fix  a  needle  any  where  on  this,  and  wilh  the 
alidade  sight  and  draw  lines  towards  each  of  these  three  points 
on  the  ground.  Then  use  this  paper  to  find  the  desired  point,  pre- 
cisely as  directed  in  the  last  sentence  of  Art.  (898),  page  277. 

(4S8)  Iiuceessikto  dlstanceSi  Many  of  the  problems  in  Part 
Yii.  can  be  at  once  solved  on  the  ground  by  the  plane-table,  ance 
it  is  at  the  same  time  a  Goniometer  and  a  Protractor.  Thus,  the 
Problem  of  Art.  (4S5)  may  be  solved  as  follows,  on  the  principle 
of  the  construction  in  the  last  paragraph  of  that  article.  Set  the 
table  at  C.  Mark  on  it  a  point,  </,  to  represent  C,  placing  ^ 
vertically  over  C.  Sight  to  A,  B  and  D,  and  draw  correspondmg 
lines  from  </.  Set  i:^  at  D,  mark  any  point  on  the  line  drawn  from 
e'  towards  D,  and  call  it  (f .  Let  d'  be  exactiy  over  D,  and  direct 
^</  toward  0.  Then  sight  to  A  and  B,  and  draw  corresponding 
Unes,  and  their  intersections  with  the  lines  before  drawn  towards 
A  and  B  will  fix  points  a'  and  b'.  Then  on  the  line  joining  a  and 
i,  g^ven  on  the  paper  to  represent  A  and  B,  ab  bemg  equal  to  AB 
on  any  scale,  construct  a  figure,  abcdj  rimilar  to  aivds^  and  the 
line  cd  thus  detenmned  will  represent  CD  on  the  same  scale  as  AB 


PART  IX- 


SURVEYING  WITHOUT  INSTRUMENTS. 

(4S9>  Thb  Principles  which  were  established  in  Part  I,  and  subse* 
quentlj  applied  to  surveying  witli  yarious  instruments,  may  also  be 
employed,  with  tolerable  correctness,  for  determining  and  represent- 
ing the  relatiye  positions  of  larger  or  smaller  portions  of  the  earth's 
sur&ce  without  any  Instruments  but  such  as  can  be  extemporised. 
The  prominent  objects  on  the  ground,  such  as  houses,  trees,  the 
summits  of  hills,  the  bends  of  rirers,  the  crossings  of  roads,  frc, 
are  regarded  as  ^^ points''  to  be  ^determined."  Distances  and 
angles  are  consequently  required.  Approximate  methods  of 
obtaining  these  will  therefore  be  first  g^yen. 

(MO)  Dlslanees  iy  pacing*  Quite  an  accurate  measurement 
of  a  line  of  ground  may  be  made  by  walking  oyer  it  at  a  uniform 
paee,  and  countmg  the  steps  taken.  But  the  art  of  walldng  in  a 
straight  line  must  first  be  acquired.  To  do  this,  fix  the  eye  on  two 
objects  in  the  desired  line,  sueh  as  two  trees,  or  bushes,  or  stones, 
or  tufts  of  grass.  Walk  forward,  keeping  the  nearest  of  these 
objects  steadily  covering  the  other.  Before  gettipg  up  to  the 
nearest  object,  choose  a  new  one  in  line  farther  ahead,  and  then 
proceed  as  before,  and  so  on.  It  is  better  not  to  attempt  to  make 
each  of  the  paces  three  feet,  but  to  take  steps  of  the  natural  length, 
and  to  ascertain  the  value  of  each  by  walkmg  over  a  known  dis- 
tance, and  dividing  it  by  the  number  of  paces  required  to  traverse 
it.  Every  person  shoiild  thus  determine  the  usual  length  of  his 
own  steps,  repeatmg  the  experiment  sufficiently  often.  The  French 
^^Geographical  Engineers"  accustom  themselves  to  take  regular 
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8tep0  of  eight-tenths  of  a  metre,  equal  to  two  feet  seven  and  a  half 
mches.  The  English  military  pace  is  two  feet  and  fax  inches. 
This  is  regarded  as  a  nsnal  average.  108  such  paces  per  minute 
^ve  8.07  English  miles  per  hoar.  Quick  pacing  of  120  such  paces 
per  nunute  ^ves  8.41  miles  per  hour.  Slow  paces,  of  three  feet 
each  and  60  per  mmute,  give  2.04  miles  per  hour.* 

An  instrument,  called  a  Pedometer,  has  been  contrived,  which 
oounts  the  steps  taken  by  one  wearing  it,  without  any  attention  on 
his  part.  It  is  attached  to  the  body,  and  a  cord,  passing  firom  it 
to  t|ie  foot,  at  each  step  moves  a  toothed  wheel  one  division,  and 
some  intermediate  wheelwork  records  the  whole  number  upon  a  dial. 

(Ml)  DistaMM  by  VlSlial  aofflest  Prepare  a  bcoUj  by  maridng 
off  on  a  pencil  what  length  of  it,  when  it  is  held  off  at  arm's  length, 
a  man's  height  appears  to  cover  at  different  distances  (previously 
measured  with  accuracy)  of  100,  600, 1000  feet,  &;o.  To  apply 
this,  when  a  man  is  seen  at  any  unknown  distance,  hold  up  tlie 
pencil  at  arm's  length,  making  the  top  of  it  come  in  the  line  from 
the  eye  to  his  head,  and  placing  the  thumb  nail  in  the  line  from 

Fig.  813. 


tKf9  eye  to  his  feet,  as  in  Hg.  818.  The  pencil  having  been  previ- 
ously graduated  by  the  method  above  ezphuned,  the  portion  of  it 
now  intercepted  between  these  two  lines  will  indicate  the  corre- 
sponding distance. 

K  no  previous  scale  have  been  prepared,  and  the  distance  of  a 
man  be  required,  tase  a  foot-rule,  or  any  measure  mmutely  divided, 
hold  it  off  at  arm's  length  as  before,  and  see  how  much  a  man's 
height  covers.  Then  knowing  the  distance  fix>m  the  eye  to  the 
rule,  a  statement  by  the  Rule  of  Three  (on  the  principle  of  similar 
triangles)  will  ^ve  the  distance  required.  Suppose  a  man's  height, 
of  70  inches,  covers  1  inch  of  the  rule.    He  is  then  70  tunes  as  fiir 

•  A  hor«e,  on  a  walk,  averages  330  feet  per  minute,  on  a  trot  650,  and  on  a  co 
moa  gallop  1040.    For  longer  times,  the  difference  in  hones  is  more  apparent 
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from  the  eye  as  the  rale ;  and  if  its  distance  be  2  feet,  that  of  the 
man  is  140  feet.  Instead  of  a  man's  height,  that  of  an  ordinary 
house,  of  an  apple-tree,  the  length  of  a  fence-rail,  &;c.,  may  be 
be^  taken  as  the  standard  of  comparison. 

To  keep  the  arm  immovable,  tie  a  string  of  known  length  to  the 
pencil,  and  hold  between  the  teeth  a  knot  tied  at  the  other  end  of 
die  ^tring. 

(462)  Distances  ky  TisibUlty.  The  degree  of  visibility  of  vari- 
ous well-known  objects  will  indicate  approximately  how  far  distant 
they  are.  Thus,  by  ordinary  eyes,  the  windows  of  a  large  house 
can  be  connted  at  a  distance  of  about  18000  feet,  or  2^  miles ; 
men  and  horses  will  be  perceived  as  points  at  about  half  that  dis- 
tance, or  1^  miles ;  a  horse  can  be  clearly  distinguished  at  about 
4000  feet ;  the  movements  of  men  at  2600  feet,  or  half  a  mile ; 
and  the  head  of  a  man,  occasionally,  at  2300  feet,  and  very  plainly 
at  1300  feet,  or  a  quarter  of  a  mile.  The  Arabs  of  Algeria  define 
a  mile  as  '^  the  distance  at  which  you  can  no  longer  distinguish  a 
man  from  a  woman."  These  distances  of  visibility  will  of  course 
vary  somewhat  with  the  state  of  the  atmosphere,  and  still  more  with 
individual  acuteness  of  sight,  but  each  person  should  make  a  corre 
spending  scale  for  himself. 

(MS)  Distances  by  soniult  Sound  passes  through  the  air  with 
a  moderate  and  known  velocity ;  light  passes  almost  instantaneously. 
If,  then,  two  distant  points  be  visible  from  each  other,  and  a  gun 
be  fired  at  night  from  one  of  them,  an  observer  at  the  other,  noting 
by  a  stop-watch  the  time  at  which  the  flash  is  seen,  and  then  that 
at  which  the  report  is  heard,  can  tell  by  the  intervening  number  of 
seconds  how  far  apart  the  pomts  are,  knowing  how  far  sound  travels 
in  a  second.  Sound  moves  about  1090  feet  per  second  m  dry  aur, 
with  the  temperature  at  the  freezing  point,  32°  Fahrenheit.  For 
higher  or  lower  temperatures  add  or  subtract  1|  foot  for  each  degree 
of  Fahrenheit.  If  a  wind  blows  with  or  against  the  movement  of 
the  sound,  its  velocity  must  be  added  or  subtracted.  If  it  blows 
obliquely,  the  correction  will  evidently  equal  its  velocity  multiplied 
by  the  cosine  of  the  angle  which  the  direction  of  the  wind  makes 
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with  the  direction  of  the  sound,*  If  the  gon  be  fired  at  each  end 
of  the  base  m  torn,  and  the  means  of  the  times  taken,  the  eiect  of 
the  wind  will  be  eliminated. 

If  a  watch  is  not  at  hand,  suspend  a  pebble  to  a  string  (saeh.  as 
a  thread  drawn  from  a  handkerchief)  and  comit  its  vibrations.  If 
it  be  89|  inches  long,  it  will  vibrate  in  one  second ;  if  9}  inches 
long,  in  half  a  second,  &;c.  If  its  length  is  unknown  at  the  time, 
still  count  its  vibrations ;  measure  it  subsequently ;  and  then  will 

the  tame  of  its  vibration,  in  seconds, »    //  ^°P^^ i  I . 

(4M)  AngfeSt  Right  angles  are  those  most  frequentlj  required 
in  this  kind  of  survey,  and  thej  can  be  estimated  by  the  eje  with 
much  accuracy.  If  other  angles  are  desired,  they  wQl  be  deter- 
mined by  measuring  equal  distances  along  the  lines  which  make  the 
angle,  and  then  the  Ime,  or  chord,  joining  the  ends  of  these  distsih 
ces,  thus  forming  chain  angles,  explained  in  Art.  (1M). 

(M5)  Methods  of  oyonUioi.  The  '<  First  Method"  of  dete^ 
mining  the  position  of  a  pomt.  Art  (5),  is  the  one  most  generally 
applicable.  Some  line,  as  AB  in  Fig.  1,  is  paced,  or  otherwise 
measured,  and  then  the  lines  AS  and  BS ;  the  point  S  is  thus  de- 
termined. 

The  ^^  Second  Method,"  Art.  (6),  is  also  much  employed,  the 
right  an^es  bemg  obtained  by  eye,  or  by  the  easy  methods  {^ven 
in  Part  U,  Chapter  V,  Arts.  (14»),  ko.  It  is  used  for  ofiets,  as 
in  Part  II,  Chapter  m,  Arts.  (Ill),  &c. 

The  ''  Third  Method,"  Art.  (7),  may  also  be  used,  the  an^ 
being  determined  as  in  Art.  (4<4). 

The  <<  Fourth  Method,"  Art.  (8),  may  also  be  employed,  the 
angles  being  similarly  determined. 

The  '<  Fifth  Method,"  Art.  (M),  would  seldom  be  used,  unless 
by  making  an  extempore  plane-table,  and  proceeding  as  directed 
m  the  last  paragraph  of  Art.  (4S7). 

*  A  gentle,  pleasant  wind  hai  a  veloci^r  of  10  feet  per  leoond ;  a  brisk  gale 
10  feet  per  leooad ;  a  very  brisk  gale  30  Met ;  a  high  wind  50  feet ;  a  Terj  hij^ 
wind  70  feet ;  a  storm  or  tempest  80  feet ;  a  great  storm  100  feet ;  a  harricaM 
190  feet ;  and  a  violent  hnrrioane,  that  tears  up  trees,  &c.,  150  feet  per  second 
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The  meihod  referred  to  in  Art.  (11)  may  also  be  employed. 

When  a  sketch  has  made  some  progress,  new  points  may  bn 
fixed  on  it  by  their  being  in  line  with  others  ahready  determined. 

All  these  methods  of  operation  are  shown  in  the  following  figarr 
AB  is  a  line  paced,  or  otherwise  measured  approximately. 

Fig.  314. 


The  hill  C  is  determined  by  the  first  method.  The  rirer  on  the 
other  side  of  AB  is  determined  by  offiiets  according  to  tiie 
Second  Method.  The  house  D  is  determined  by  the  Third  Method, 
EBF  being  a  chain  angle.  The  house  G  is  determined  by  the 
Fourth  Method,  chun  angles  being  measured  at  B  and  H,  a  p(ant 
m  AB  prolonged.  The  pond  E  is  determined,  as  m  Art.  (11),  by 
the  intersection  of  the  alinements  CD  and  GH  prolonged.  The 
bend  of  the  river  at  L  is  determined  by  its  distance  from  H  in 
tiie  line  of  AH  prolonged.  A  new  base  line,  HM,  is  fixed  by  a  chain 
angle  at  H,  and  employed  like  the  former  one  so  as  to  fix  the  hill 
at  N,  &c.  All  these  methods  may  thus  be  used  collectively  and 
successively.  The  necessary  lines  may  always  be  ranged  with 
rods,  as  directed  in  Art  (109),  and  very  many  of  the  instrumental 
methods  abeady  explamed,  may  be  practiced  with  extempore  con* 
irivances.  The  use  of  the  Plaue-table  is  an  admirable  prepara- 
tion for  this  style  of  surveying  or  sketching,  which  is  most  fire- 
quenily  employed  by  Military  Engmeers,  though  they  generally 
use  a  prismatic  Compass,  or  pocket  Sextant,  and  a  sketching  case, 
which  may  serve  as  a  Plane-table,  w 


PART  X. 


MAPPING. 


CHAPTER  L 


COPTDIO  PUTS. 

(IM)  Thb  Plat  of  a  survey  necessarily  has  many  lines  of  constamo- 
tion  drawn  upon  it,  which  are  not  needed  in  the  finished  map. 
These  lines,  and  the  marks  of  instrmnents,  so  disfigure  the  paper 
that  a  fair  copy  of  the  plat  is  usually  made  before  the  m^  is 
finished.  The  various  methods  of  copymg  plats,  &c.,  whether  on 
the  same  scale,  or  reduced  or  enlarged,  will  therefore  now  be 
described. 

(167)  Stretching  the  papert  K  the  map  is  to  be  colored,  the 
paper  must  first  be  wetted  and  stretched,  or  the  application  of  the 
wet  colors  will  cause  its  surface  to  swell  or  blister  and  become  uneven. 
Therefore,  with  a  soft  sponge  and  clean  water  wet  the  back  of  ihe 
paper,  working  from  the  centre  outward  in  all  directions.  The 
<<  water-mark"  reads  correctly  only  when  looked  at  from  the  firont 
side,  which  it  thus  distinguishes.  When  the  paper  is  thoroughly 
wet  and  thus  greatiy  expanded,  glue  its  edges  to  the  drawing  board, 
for  half  an  inch  in  width,  turning  them  up  against  a  ruler,  passmg 
the  glue  along  them,  and  then  turning  them  down  and  pressing 
them  with  the  ruler.  Some  prefer  gluing  down  opposite  edges  in 
succession,  and  others  adjoining  edges.  The  paper  must  be  mode* 
rately  stretched  smooth  during  the  process.  Hot  glue  is  best 
Paste  or  gum  may  be  used,  if  the  paper  be  kept  wet  by  a  damp 
doth,  80  that  the  edges  may  dry  first.    "  Mouth-gliie  "  may  be  used 
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by  rabbmg  it  (moistened  in  llie  mouth  or  in  boiling  water)  along  the 
tamed  up  edges,  and  then  rubbing  them  dry  by  an  ivory  folder,  a 
piece  of  dry  paper  being  interposed.  As  this  is  a  slower  procesSi 
the  middle  of  each  side  should  first  be  fastened  down,  then  the  four 
angles,  and  lastly  the  mtermediate  portions.  When  the  paper 
becomes  dry,  the  creases  and  puckerings  will  have  disappeared, 
and  it  will  be  as  smooth  and  tight  as  a  drumrhead. 

(468)  Copying  ky  tracingt  "Fix  a  large  pane  of  clear  glass  m 
a  frame,  so  that  it  can  be  supported  at  any  angle  before  a  window, 
or,  at  night,  in  front  of  a  lamp.  Place  the  plat  to  be  copied  on 
this  glass,  and  the  clean  paper  upon  it.  Connect  them  by  pins, 
&c.  Trace  all  the  desired  Imes  of  the  original  with  a  sharp  pencil, 
as  lightly  as  they  can  be  easily  seen.  Take  care  that  the  paper 
does  not  slip.  If  the  plat  is  larger  than  the  glass,  copy  its  parts 
successively,  bemg  very  careful  to  fix  each  part  in  its  true  relative 
position.  Ink  the  lines  with  India  ink,  making  them  very  fine  and 
pale,  if  the  map  is  to  be  afterwards  colored. 

(160)  Copying  on  tracing  paper.  A  thm  transparent  paper  is 
prepared  expressly  for  the  purpose  of  making  copies  of  maps  and 
drawings,  but  it  is  too  delicate  for  much  handlmg.  It  may  be  pre- 
pared by  soaking  tissue  paper  in  a  mixture  of  turpentine  and 
Canada  balsam  or  balsam  of  fir  (two  parts  of  the  former  to  one  of 
the  latter),  and  drying  very  slowly.  Cold  drawn  linseed  oil  will 
answer  tolerably,  the  sheets  being  hung  up  for  some  weeks  to  dry. 
Unen  is  also  similarly  prepared,  and  sold  under  the  name  of 
'^  Vellum  tracing  paper."  It  is  less  transparent  than  the  tracing 
paper,  but  is  very  strong  and  durable.  Both  of  these  are  used 
radier  for  preserving  duplicates  than  for  fimshed  maps. 

(470)  Copying  hy  transftr  paper.  This  is  thm  paper,  one  side 
of  which  is  rubbed  with  blacklead,  &c.,  smoothly  spread  by  cotton. 
It  is  laid  on  the  clean  paper,  the  blackened  side  downward,  and 
the  plat  is  placed  upon  it.  All  the  lines  of  the  plat  are  then  gone 
over  with  moderate  pressure  by  a  blunt  pomt,  such  as  the  eye-end 
of  a  small  needle.    A  faint  tracing  of  these  lines  will  then  be  found 
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on  the  clean  paper,  and  can  be  inked  at  leisure.  If  the  onffsmi 
cannot  be  thus  treated,  it  may  first  be  copied  on  tracing  paper, 
and  this  copy  be  thus  transferred.  If  the  transfer  paper  be  pre^ 
pared  by  rubbmg  it  with  lampblack  ground  up  wilih  hard  soap,  its 
lines  will  be  me&ceable.    It  is  then  called  *^  Gamp-paper." 

(471)  Copying  ty  pmicdiresi  I^  the  clean  paper  on  a  draw- 
ing boiurd  and  the  plat  over  it.  Prepare  a  fine  needle  with  a  seat 
ing-waz  head.  Hold  it  very  truly  perpendicular  to  the  board,  and 
prick  through  every  angle  of  the  plat,  and  every  comer  and  inter- 
section of  its  other  lines,  such  as  houses,  fences,  &c.,  or  at  least 
the  two  ends  of  every  line.  For  circles,  the  centre  and  one  point 
of  the  circumference  are  sufficient.  For  irregular  curves,  such  as 
rivers,  &c.,  enough  points  must  be  pricked  to  indicate  all  their 
smuosities.  Work  with  system,  finishing  up  one  strip  at  a  iime, 
so  as  not  to  omit  any  necessary  points  nor  to  prick  through  any 
twice,  though  the  latter  is  safer.  When  completed,  remove  the 
plat.  The  copy  will  present  a  wilderness  of  fine  pomts.  Select 
those  which  determine  the  leading  lines,  and  then  the  rest  will  be 
easily  recogniz^.  A  beginner  should  first  pencil  the  lines  lightly, 
and  then  ink  them.  An  experienced  draftsman  will  omit  the  pen- 
cilling. Two  or  three  copies  may  be  thus  pricked  through  at  once. 
The  holes  in  the  original  plat  may  be  made  nearly  invisible  by 
rubbing  them  on  the  back  of  the  sheet  with  a  paper-folder,  or  tbe 
thumb  nail. 

(172)  Copying  by  intersections!  Draw  a  Ime  on  the  clean  paper 
equal  in  length  to  some  important  line  of  the  original.  Two  start- 
ing pomts  are  thus  obtained.  Take  in  the  dividers  the  distance 
from  one  end  of  the  line  on  the  original  to  a  third  pomt.  From 
the  corresponding  end  on  the  copy,  describe  an  arc  with  this  dis- 
tance for  radius  and  about  where  the  pomt  will  come.  Take  the 
distance  on  the  original  from  the  other  end  of  the  line  to  the  point, 
and  describe  a  corresponding  arc  on  the  copy  to  intersect  the 
former  arc  in  a  point  which  will  be  that  desired.  The  principle 
of  the  operation  is  that  of  our  "  First  Method,"  Art.  (5).  Two 
pairs  of  dividers  may  be  used  as  explained  in  Art.  (W).    "  Iri- 
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ftDgalar  compaflses/'  hamg  ihree  legs,  are  used  by  fixing  two  of 
their  legs  on  the  two  giren  points  of  the  ori^nal,  and  the  third  leg 
en  the  point  to  be  copied,  and  then  transferring  them  to  the  copy. 
All  the  points  of  the  ori^nal  can  thus  be  accurately  reproduced. 
The  operation  is  however  very  slow.  Only  the  chief  points  of  a 
plat  may  be  thus  transferred,  and  the  detsuls  filled  in  by  the  fol- 
lowing method. 

(I7S)  Coi^lBg  ky  sqiursSf  On  the  origbal  plat  draw  a  series 
of  parallel  and  equidistant  lines.  The  T  square  does  this  most 
readily.  Draw  a  similar  series  at  right  angles  to  these.  The  plat 
will  then  be  covered  with  squares,  as  in  Ilg.  88,  page  48.  On 
the  clean  paper  draw  a  similar  series  of  squares.  The  important 
points  may  now  be  fixed  as  in  the  last  article,  and  the  rest  copied 
by  eye,  all  the  points  in  each  square  of  the  original  being  properly 
placed  in  the  corresponding  square  of  the  copy,  noticmg  whether 
diey  are  near  the  top  or  bottom  of  each  square,  on  its  right  or  left 
side,  ftc.  This  me&od  is  rapid,  and  in  skilful  hands  quite  accu« 
rate. 

Instead  of  drawing  Imes  on  the  ori^al,  a  sheet  of  transparent 
paper  containing  them  may  be  placed  over  it ;  or  an  open  frame 
with  threads  stretched  across  it  at  equal  distances  and  at  right 
angles. 

This  method  supplies  a  transition  to  the  Iteduction  and  Unlarge- 
ment  of  plats  in  any  desired  ratio ;  under  which  hendCopyinghj 
ike  Fantagraph  and  Camera  Lucida  will  be  noticed. 

(171)  Rednclig  by  sqnarest  Begm,  as  m  the  preceding  article, 
by  drawing  squares  on  the  original,  or  placing  them  over  it.  Then 
on  the  clean  paper  draw  a  similar  set  of  squares,  but  ^vith  their 
sides  one-half,  one  third,  &c.,  (according  to  the  desired  reduction), 
of  those  of  the  ori^al  plat.  Then  proceed  as  before  to  copy  into 
each  small  square  all  the  points  and  lines  found  in  the  large  square 
of  the  plat  in  their  true  positions  relative  to  the  sides  and  comers 
of  the  square,  observing  to  reduce  each  distance,  by  eye  or  as 
directed  in  the  following  article,  in.  the  given  ratio. 
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(175)  RedQCln;  by  proportlOBal  scales*  Many  graphical  me- 
tiiods  of  finding  the  proportionate  length  on  the  copy ,  of  any  line  of 
the  original,  may  be  used.  The  ^^  Angle  of  reduction"  is  con 
structed  thus.    Draw  any  line  \|i 

AB.    With  it  for  radius  and  A  ^'^e-  3i5. 

for  centre,  describe  an  indefinite  ^5r<^v\\  \\ 

arc.    With  B  for  centre  and  a  ^<<(n\V\  \\\^  U 

radius  equal  to  one-half,  one-third,  ^-<<^uV  \\\\  ^  ^  ^  \  \\ 

&;c.,  of  AB  according  to  the  de-    ^^(<C\\\  \  \  i  \  ^i  1 1 1 1  Vt  i  i  1 1  1 
sired  reduction  describe  another  a  d  b 

arc  intersecting  the  former  arc  in  G.  Join  AG.  From  A  aa 
centre  describe  a  series  of  arcs.  Now  to  reduce  any  distance, 
take  it  in  the  dividers,  and  set  it  off  from  A  on  AB,  as  to  D.  Then 
the  distance  from  B  to  E,  the  other  end  of  the  arc  passing  through 
D,  will  be  the  proportionate  length  to  be  set  off  on  the  copy,  in  the 
manner  directed  in  Art.  (472)* 

The  Sector,  or  ^^  Gompass  of  proportion,"  described  in  Art  (Si)^ 
presents  such  an  <<  Angle  of  reduction,"  always  ready  to  be  used 
in  this  manner. 

The  ^'  Angle  of  reduction  "  may  be  simplified 
thus.  Draif  a  line,  AB,  parallel  to  one  side 
of  the  drawing  board,  and  another,  BG,  at  right 
angles  to  it,  and  one-half,  &c.,  of  it,  as  desired. 
Join  AG.  Then  let  AD  be  the  distance  re- 
quired to  be  reduced.  Apply  a  T  square  so 
as  to  pass  through  D.  It  will  meet  AG  in 
some  point  E,  and  DE  will  be  the  reduced 
length  required. 

Another  arrangement  for  the  same  object  is  shown  in  Hg.  817. 
Draw  two  lines,  AB,  AG,  at  any  angle,  and  de-  Fig-  3i7. 
scribe  a  series  of  arcs  from  their  intersection.  A, 
as  in  the  figure.  Suppose  the  reduced  scale  is  to 
be  half  the  original  scale.  Divide  the  outermost 
arc  into  three  equal  parts,  and  draw  a  line  from 
A  to  one  of  the  points  of  diyidon,  as  D.  Then 
each  arc  will  be  divided  into  parts,  one  of  which 
is  twice  the  other.  Take  any  distance  on  the  ori- 
^nal  scale,  and  find  by  trial  which  of  the  arcs  on 
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the  right  hand  side  of  the  figure  it  corresponds  to.    The  other  part 
of  that  arc  will  be  half  of  it,  as  desired. 

^^  Proportional  compasses/'  being  properly  set,  reduce  lines  in 
any  desired  ratio.  A  simple  form  of  them,  known  as  ^^  Wholes 
and  halves/'  is  often  useful.  It  consists  of  two  slender  bars,  pointed 
at  each  end,  an^  united  by  a  pivot  which  is  twice  as  far  from 
one  pair  of  the  pomts  as  from  the  other  pair.  The  long  ends  being 
set  to  any  distance,  the  short  ends  will  ^ve  precisely  half  that  dis- 
tance. 

(476)  ReteciBg  by  a  pantagrapk.  This  instrument  consists  of 
two  long  and  two  short  rulers,  connected  so.  as  to  form  a  parallelo 
gram,  and  capable  of  being  so  adjusted  that  when  a  tracing  point 
attached  to  it  is  moved  over  the  lines  of  a  map,  &c.,  a  pencil 
attached  to  another  part  of  it  will  mark  on  paper  a  precise  copy, 
reduced  on  any  scale  desired.  It  is  made  in  various  forms.  It  is 
troublesome  to  use,  though  rapid  in  its  work. 

(177)  Bedueing  by  a  camera  Inclda*  This  is  used  in  the  Coast 
Survey  Office.  It  cannot  reduce  smaller  than  one-fourth,  without 
lofflng  distinctness,  and  is  very  trying  to  the  eyes.  Squares  drawn 
on  the  original  are  brought  to  apparently  coincide  with  squares  on 
the  reduction,  and  the  details  are  then  filled  in  with  the  pencil,  as 
seen  through  the  prism  of  the  instrument. 

(478)  Enlarging  plats*  Plats  may  be  enlarged  by  the  princi- 
pal methods  which  have  been  ^ven  for  reducing  them,  but  this 
should  be  done  as  seldom  as  possible,  since  every  inaccuracy  in  the 
ori^al  becomes  magnified  in  the  copy.  It  is  better  to  make  a 
new  plat  from  the  ori^nal  data. 
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(479)  Various  conventional  signs  or  marbs  hare  been  adopted, 
more  or  less  generally,  to  represent  on  maps  the  inequalities  of  &e 
surface  of  the  ground,  its  different  kinds  of  culture  or  natural  pro- 
ducts, and  the  objects  upon  it,  so  as  not  to  encumber  and  disfigure 
it  with  much  writing  or  many  descriptive  legends.  This  is  the 
purpose  of  what  is  called  TopograpMecH  Mapping. 

(ISO)  The  relief  tf  grtuiid.  The  inequalities  of  the  surface 
of  the  earth,  its  elevations  and  depressions,  its  hills  and  hollows, 
constitute  its  ^^  Belief. '^  The  representation  of  this  is  sometimes 
called  '^  TTill  drawmg."  Its  diiSGiculty  arises  from  our  being  accus- 
tomed to  see  hills  sideways,  or  "  in  elevation,"  while  they  must 
be  represented  as  they  would  be  seen  from  above,  or  "  in  plan." 
Various  modes  of  thus  drawing  them  are  used ;  their  positions  being 
laid  down  in  pencil  as  previously  sketched  by  eye  or  measured. 

If  light  be  supposed  to  fall  vertically y  the  slopes  of  the  ground  wiD 
receive  less  light  in  proportion  to  their  steepness.  The  relief  of 
ground  will  be  indicated  on  this  principle  by  making  the  steep 
slopes  very  dark,  the  gentier  mclinations  less  so,  and  leaving  the 
level  surfaces  white.  The  shades  may  be  produced  by  tints  of 
India  ink  applied  with  a  brush,  their  edges,  at  the  top  and  bottom 
of  a  hill  or  ridge,  being  softened  off  with  a  clean  brush. 

K  light  be  supposed  to  fall  olUquelyy  the  dopes  facing  it  wffl  be 
light,  and  those  turned  from  it  dark.  This  mode  is  effective,  hut 
not  precise.  In  it  the  light  is  usually  supposed  to  come  from  the 
upper  left  hand  comer  of  the  map. 

Horizowtal  contour  lines  are  however  the  best  convention  for 
this  purpose.  Imagine  a  hill  to  be  sliced  off  by  a  number  of  equi- 
distant horizontal  planes,  and  their  intersections  with  it  to  be  drawn 
as  tiiey  would  be  seen  from  abovci  or  horizontally  projected  on  the 
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map.  These  are  ^^  Contour  lines."  They  are  the  same  lines  bb 
would  be  formed  by  water  surrounding  the  hill,  and  rising  one  foot 
at  a  time  (or  any  other  height)  till  it  reached  the  top  of  the  hill. 
The  edge  of  the  water,  or  its  shore,  at  each  successire  rise,  would 
be  one  of  these  horizontal  contour  lines.  It  is  plain  that  their 
nearness  or  distance  on  the  map  would  indicate  the  steepness  or 
gentleness  of  the  slopes.     A  right  cone  would  thus  be  repre- 

Fig.  318.  Fig.  319.  Fig.  320. 


sented  by  a  series  of  concentric  circles,  as  in  Fig.  818 ;  an  oblique 
cone  by  circles  not  concentric,  but  nearer  to  each  other  on  the  steep 
side  than  on  the  other,  as  m  Fig.  319  ;  and  a  half-egg,  somewhat 
as  in  Fig.  320. 

Vertical  sections,  perpendicular  to  these  contour  lines,  are 
usually  combined  with  them.  They  are  the  "  Lines  of  greatest 
slope,"  and  may  be  supposed  to  represent  water  running  down  the 
sides  of  the  hill.  They  are  also  made  thicker  and  nearer  together 
on  the  steeper  slopes,  to  produce  the  effect  required  by  the  conyenf- 


Fig.  321. 


tion  of  vertical  light 
already  referred  to. 
The  margmal  figure 
shews  an  elongated 
half-egg,  or  oval  hill, 
thus  represented. 

The  spaces  between 
the  rows  of  vertical 
"Hatchings"  indicate 
the  contour  lines,  which  are  not  actually  drawn.  The  beauiy  of 
the  graphical  execution  of  this  work  depends  on  the  uniformity  of 
the  strokes  representmg  uniform  slopes,  on  their  perfectiy  regular 
gradation  in  thickness  and  nearness  for  varying  slopes,  and  on 
their  being  made  precisely  at  right  angles  to  the  contour  lines 
between  which  they  are  situated. 
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The  methods  of  detennining  the  contour  lines  are  applicatioofl 
of  Leyelling,  and  will  therefore  be  postponed,  together  with  the 
fiEulher  details  of  ^'  Hill-drawing/'  to  the  yolome  treating  of  that 
subject,  which  is  announced  in  the  Fre£EU^. 

(481)  Signs  for  natiral  sirfaee*  Sand  is  represented  by  fine 
dots  made  with  the  point  of  the  pen ;  graod  bj  coarser  dots. 
Rocks  are  drawn  in  their  proper  places  in  irregular  angular  formsy 
imitating  their  true  appearance  as  seen  from  above.  The  nature 
of  the  rocks,  or  the  0-eology  of  the  country,  may  be  shown  by  apply- 
mg  the  proper  colors,  as  agreed  on  by  geolog^ts,  to  the  back  of 
the  map,  so  that  they  may  be  seen  by  holding  it  up  against  the 
light,  while  they  will  thus  not  confuse  tiie  usual  details. 

(182)  Signs  for  T^etation*  Woods  are  represented  by  scol- 
loped circles,  irregularly  disposed, 
imitating  trees  seen  '^  in  plan,"  and 
closer  or  farther  apart  according  to 
the  thickness  of  the  forest.  It  is 
usual  to  shade  their  lower  and  right 
hand  sides  and  to  represent  their 
shadows,  as  in  the  figure,  though,  in  strictness,  this  is  inconsistent 
with  the  hypothesis  of  vertical  light,  adopted  for  "  hill-drawing." 
For  pine  and  similar  forests,  the  signs  may  have  a  star-like  form, 
as  on  the  right  hand  side  of  the  figure.  Trees  are  sometimes 
drawn  "  in  elevation,"  or  sideways,  as  usually  seen.  This  makes 
them  more  easily  recognized,  but  is  in  utter  violation  of  the  prince 
pies  of  mapping  in  horizontal  projection,  though  it  may  be  defended 
as  a  pure  convention.  Orchards  are  represented  by  trees  arrange 
ed  in  rows.     Bushes  may  be  drawn  like  trees,  but  smaller. 

CfrasS'land  is  drawn  with  irregularly  Fig.  323. 

scattered  groups  of  short  lines,  as  in  the  -*^3f>*-tIrC-^C^  v^ 
figure,  the  Imes  being  arranged  in  odd  ^^J^P^i"^^;^  vn 
aumbers,  and  so  that  the  top  of  each  group  is  ;i*^*I*.-*lC-!?*^  vvrf 
convex  and  its  bottom  horizontal  or  parallel  m^^^^^li^j^;^^!^,;;^^  .v>iv 
to  the  base  of  the  drawing.  Meadows  are  **»-  **"  -"^-"^  --mi»  v>;  y 
sometimes  represented  by  pairs  of  divergmg  lines,  (as  on  the  right 
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of  the  figure),  which  may  be  regarded  as  tall  blades  of  grass. 
UhcuUivdted  land  is  indicated  by  appropriately  intermingling  the 
signs  for  grass  land,  bushes,  sand  and  rocks.  OulUvated  land  is 
shown  by  parallel  rows  of  broken  and  dotted  ,,,,,, p^'S;, ^2^; 
lines,  as  m  the  figure,  representing  furrows. 
Crops  are  so  temporary  that  signs  for  them  are 
unnecessary,  though  often  used.  They  are  usu- 
ally imitative,  as  for  cotton,  sugar,  tobacco,  rice, 
vines,  hops,  &c.     O-ardeTis  are  drawn  with  cir-  ^HTpEzH-g^riiSH 

cnlar  and  other  beds  and  walks. 

» 

CI8S)  Signs  for  water.  The  Seorcocat  is  lepresented  by  draw- 
ing a  line  parallel  to  the  shore,  following  all  its  windings  and  inden- 
tations, and  as  close  to  it  as  possible,  then  another  parallel  line  a 
little  more  distant,  then  a  third  still  more  distant,  and  so  on. 
Examples  are  seen  in  figures  287,  &c.  If  these  lines  are  drawn 
firom  the  low  tide  mark,  a  simSar  set  may  be  drawn  between  that 
and  the  high  tide  mark,  and  dots,  for  sand,  be  made  over  the 
included  space.  Bivers  have  each  shore  treated  like  the  sea 
shore,  as  in  the  figures  of  Part  VII.*  BrooJcB  would  be  shown  by 
only  two  lines,  or  one,  according  to  their  magnitude.  Ponds  may 
be  drawn  like  sea  shores,  or  represented  by  Fig.  325. 

parallel  horizontal  lines  ruled  across  them,  ga^ 
Marshes  and  Swamps  are  represented  by  an  =^^^>-^7= 

irregular  intermingling    of  the   prec0ding --■l!^_ ::^«,rzdh. 

sign  with  that  for  grass  and  bushes,  as  in  the   ^^Cj^^ 
figure. 

(184)  Colored  Topogra^kjt  The  conventional  signs  which  have 
been  described,  as  made  with  the  pen,  require  much  time  and 
labor.  Colors  are  generally  used  by  the  French  as  substitutes  for 
them,  and  combine  the  advantages  of  great  rapidity  and  efiective- 
ness.  Only  three  colors  (besides  India  ink)  are  required ;  viz. 
Q-arnboge  (yellow),  Indigo  (blue),  and  Lake  (pink).  Sepia, 
Burnt  Sienna,  Yellow  ochre.  Bed  lead,  and  Yen^illion,  are  also 
sometimes  used.    The  last  three  are  difficult  to  work  with.    To 

*  Those  in  Fart  II,  Ohapter  V,  have  the  lines  too  close  together  in  the  middle. 
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use  these  pamts,  moisten  the  end  of  a  cake  and  rub  it  np  with  a 
drop  of  water,  afterwards  dilating  thb  to  the  proper  tint,  which 
should  always  be  light  and  delicate.  To  coyer  any  surface  with 
a  uniform  flat  tint,  use  a  large  camel's  hair  or  sable  brush,  keep  it 
always  moderately  full,  incline  the  board  towards  you,  previously 
moisten  the  paper  with  clean  water  if  the  outline  is  very  irregular, 
be^n  at  the  top  of  the  surface,  apply  a  tint  across  the  upper  part, 
and  continue  it  downwards,  never  letting  the  edge  dry.  This  last 
is  the  secret  of  a  smooth  tint.  It  requires  rapidity  in  returning  to 
the  beginning  of  a  tint  to  continue  it,  and  dexterity  in  following  the 
outline.  Marbling,  or  variegation,  is  produced  by  having  a  brush 
at  each  end  of  a  stick,  one  for  each  color,  and  applying  first  one, 
and  then  the  other  beside  it  before  it  dries,  so  that  they  may  blend 
but  not  mix,  and  produce  an  irregularly  clouded  appearance. 
Scratched  parts  of  the  paper  may  be  painted  over  by  first  applying 
strong  alum  water  to  the  place. 

The  conventions  for  colored  Topography,  adopted  by  the  French 
Military  Engineers,  are  as  follows.  Woodb,  yellow ;  u^g  gam- 
boge' and  a  very  littie  indigo.  Gbabs-land,  green;  made  of 
gamboge  and  indigo.  Cultivated  lakd,  broivn;  lake,  gamboge, 
and  a  littie  India  ink.  "  Burnt  Sienna"  will  answer.  Adjoining 
fields  should  be  slightiy  varied  in  tint.  Sometimes  furrows  are 
indicated  by  strips  of  various  colors.  Oardbns  are  represented 
by  small  rectangular  patches  of  brighter  green  and  broum.  Un- 
cultivated LAKD,  marbled  green  and  light  broton.  Brush, 
BRAMBLES,  &c.,  marbled  green  and  yellow.  Heath,  furze,  &c., 
marbled  green  and  pinJe.  Ytseyabdb,  purple ;  lake  and  indigo. 
Sands,  a  light  brown;  gamboge  and  lake.  ^^  Yellow  ochre"  will 
do.  Lakes  and  rivers,  light  bltie,  with  a  darker  tint  on  their 
upper  and  left  hand  sides.  Seas,  dark  blue,  with  a  littie  yellow 
added.  Marshes,  the  blue  of  water,  with  spots  of  grass  green,  the 
touches  all  l^ng  horizontally.  Boads,  brown  ;  between  the  tints 
for  sand  and  cultivated  ground,  with  more  India  ink.  Hills, 
greenish  broum;  gamboge,  indigo,  lake  and  India  ink,  instead  of 
the  pure  India  ink,  directed  in  Art.  (480).  Woods  may  be 
finished  up  by  drawing  the  trees  as  in  Art.  (482)  and  coloring 
them  green,  with  touches  of  gamboge  towards  the  light  (the  upper 
and  left  hand  side)  and  of  indigo  on  the  opposite  side. 


ODAP.  n.]  ConreilfoMl  Signsu  Mff 

C485>  Signs  for  detacM  •tjeets*  Too  great  a  number  of  these 
-will  cause  confusion.  A  few  leading  ones  Trill  be  giyen,  ilie  mean- 
ings of  which  are  apparent. 


Covrt  Aousej 

Figs, 
jfa   326. 

Wind  mm, 

Figi. 
^334. 

Post  office^ 

@|  327. 

Steam  miU, 

A  835. 

Tavern^ 

bbT^ss. 

Furnace, 

4    336. 

BlaekamUh^s  shop^ 

4L   329. 

Woollen  factory, 

^«»- 

Chdde  boardj 

t     330. 

Cotton  factory. 

^338. 

Quarry^ 

X     331. 

Glass  ivorks, 

i2i339 

Griit  mill, 

O     332. 

Chureh, 

$  340. 

Sato  mill,  V^l   333.  Qraveyard,       .JilL34i. 

An  ordinary  house  is  drawn  in  its  true  position  and  size,  and  the 
ridge  of  its  roof  shown  if  the  scale  of  the  map  is  large  enough. 
On  a  very  small  scale,  a  small  shaded  rectangle  represents  it.  If 
colors  are  used,  buildings  of  masonry  are  tmted  a  deep  crimson, 
(with  lake),  and  those  of  wood  with  India  inL  Their  lower  and 
right  hand  sides  are  drawn  with  heavier  lines.  Fences  of  stone  or 
-wood,  and  hedges,  may  be  drawn  in  imitation  of  the  realities ;  and, 
if  desired,  colored  appropriately. 

Mines  may  be  represented  by  the  rigns  of  the  planets  which 
were  anciently  associated  with  the  various  metab.  The  signs  here 
^ven  represent  respectively, 

Gold,    Silver,    Iron,    Copper,    Tm,    Lead,    Quicksilver. 
O  D  3  ?  2f         ^  ^ 

A  krge  black  circle,  #  ,  may  be  used  for  Goal. 

Boundary  lines,  of  private  properties,  of  townships,  of  counties, 
and  of  states,  may  be  indicated  by  lines  formed  of  various  comb> 
nations  of  short  lines,  dots  and  crosses,  as  below.* 


+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  + 

*  Very  minute  directions  for  the  execation  of  the  details  described  in  this  chap 
ter,  are  given  in  Lieut.  R.  8.  Smith's  "  Topographical  Drawing."     Wiley,  N.  Y. 
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FDnsmNG  THE  NAP. 

(ISO)  OrlentatlOB*  The  map  is  usually  so  drawn  that  the  top 
of  the  paper  may  represent  the  North.  A  Meridian  line  should 
also  be  drawn,  both  True  and  Magnetic,  as  in  Fig.  199,  page  189. 
The  number  of  degrees  and  minutes  in  the  Variation,  if  known, 
should  also  be  placed  between  the  two  North  points.  Sometimes 
a  compass-star  is  drawn  and  made  yerj  ornamental. 

(187)  Lettering!  The  style  in  which  this  is  done  very  much 
affi»cts  the  general  appearance  of  tiie  map.  The  young  surveyor 
should  give  it  much  attention  and  careful  practice.  It  must  all  be 
in  imitation  of  the  best  printed  models.  No  writing,  however 
beautiful,  is  admiadble.  The  usual  letters  are  the  ordinary 
ROMAN  CAPITALS,  SmaU  Roman,  ITALIC  CAPITALS, 
Smailtalie.mii  OOrWXO  OR  EGYPTIAN.  Thislast, 
when  well  done,  is  very  effective.  For  the  l^ties  of  maps,  various 
fancy  letters  may  be  used.  For  very  large  letters,  those  formed 
only  of  the  shades  of  the  letters  regarded  as  blocks  (the  body  being 
rubbed  out  after  being  pencilled  as  a  guide  to  the  placing  of  the 
shades)  are  most  easily  made  to  look  well.  The  simplest  lettering 
is  generally  the  best.  The  edzes  of  the  names  of  places,  &c. ,  should 
be  proportional  to  their  importance.  Elaborate  tables  for  various 
scales  have  been  published.  It  is  better  to  make  the  letters  too 
small  than  too  large.  They  should  not  be  crowded.  Pencil  lines 
should  always  be  ruled  as  guides.  The  lettering  should  be  in  lines 
parallel  to  the  bottom  of  the  map,  except  the  names  of  rivers,  roads, 
&c.,  whose  general  course  should  be  followed. 

(188)  BorderSt  The  Border  may  be  a  angle  heavy  line, 
enclosing  the  map  in  a  rectangle,  or  such  a  line  may  be  relieved 
by  a  finer  line  drawn  parallel  and  near  to  it.  Tune  should  not  be 
wasted  in  ornamenting  the  border.    The  simplest  is  the  best. 
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(189)  Joining  papert  If  the  map  is  larger  than  fhe  Bheets  of 
paper  at  handy  they  shonld  be  jomed  with  a  feather-edge,  by  pro 
ceedmg  thus.  Gut,  unth  a  knife  guided  by  a  ruler,  about  one- 
third  through  the  thickness  of  the  paper,  and  tear  off  on  the  under 
side,  a  strip  of  the  remaining  thicbiess,  so  as  to  leave  a  thin  sharp 
edge.  Treat  the  other  sheet  in  the  same  way  on  the  other  side  of 
it.  When  these  two  feather  edges  are  then  put  together,  (with  ' 
paste,  glue  or  varnish),  they  will  make  a  neat  and  strong  joint. 
The  sheet  which  rests  upon  the  other  must  be  on  the  right  hand 
side,  if  the  sheets  are  joined  lengthways,  or  below  if  they  are  joined 
in  that  direction,  so  that  the  thickness  of  the  edge  may  not  cast  a 
shadow,  when  properly  placed  as  to  the  light.  The  sheets  must 
be  joined  before  lines  are  drawn  across  them,  or  the  lines  will 
become  distorted.  Drawing  paper  is  now  made  in  rolls  of  great 
length,  so  as  to  render  this  operation  unnecessary. 

(490)  Honnting  napst  A  map  is  sometimes  required  to  be 
mounted,  i.  e.  backed  with  canvas  or  muslin.  To  do  this,  wet  the 
muslin  and  stretch  it  strongly  on  a  board  by  tacks  driven  very 
near  together.  Cover  it  with  strong  paste,  beating  this  in  with  a 
brush  to  fill  up  the  pores  of  the  muslin.  Then  spread  paste  over 
the  back  of  the  paper,  and.  when  it  has  soaked  into  it,  apply  it  to 
the  muslin,  inclining  the  board,  and  pastmg  first  a  strip,  about  two 
inches  wide,  along  the  upper  side  of  the  paper,  pressing  it  down 
witii  clean  linen  in  order  to  drive  out  aU  air  bubbles.  Press  down 
another  strip  in  like  manner,  and  so  proceed  till  aU  is  pasted.  Let 
it  dry  very  gradually  and  thorou^y  before  cutting  the  muslin 
from  the  board. 

Maps  may  be  varnished  with  picture  varnish ;  or  by  applying 
four  or  five  coats  of  ismglass  size,  letting  each  dry  well  before 
applying  the  next,  and  'living  a  full  flowing  coat  of  Canada  balsam 
diluted  with  tiie  best  oil  of  turpentine. 


PAETH. 

LAYING  OUT,  PARTING  OFF,  AND 
DIVIDING  UP  LAND/ 

CHAPTEE  L 

LATUfi  •!!*  LAID. 

(191)  Its  Bitare*  TUb  operation  is  precisely  &e  reyerM  of 
ihoM  of  Sonreying  properly  so  called.  The  latter  measareft  certain 
linefl  as  they  are ;  the  former  marks  them  ont  in  the  ground  where 
they  are  required  to  be,  in  order  to  satisfy  certain  conditions. 
The  same  instruments,  however,  are  used  as  in  Surreying. 

Perpendicdars  and  parallels  are  the  lines  meet  often  employed. 
The  Perpendieulari  may  be  set  out  either  with  the  chain  alone, 
Arts.  (IM)  to  (159)  ;  still  more  easily  with  the  Cross-etafl^  Art 
(IM))  or  the  Optical-square,  Art.  (1#7)  ;  and  most  precisely  with 
a  Transit  or  Theodolite,  Arte.  (M2)  to  (IM).  Paralleh  may 
also  be  set  out  with  the  cham  alone.  Arts.  (IM)  to  (IM) ;  or 
with  Transit,  Jcc,  Arts.  (407)  and  (M8).  The  ranging  out  of 
lines  by  rods  is  described  in  Arts.  (191)  and  (178),  and  with  an 
Angular  instrument,  in  Arts.  (S76),  (409)  and  (415). 

(4*2)  To  lay  rat  squares.  Reduce  the  desired  content  to 
square  chains,  and  extract  its  square  root.  This  will  be  the  length 
of  the  required  side,  which  is  to  be  set  out  by  <»ie  of  the  metiiods 
indicated  in  the  preceding  article. 

An  ^erej  laid  out  m  the  form  of  a  square,  is  frequentiy  deared 
by  farmers.    Its  side  must  be  made  816^  links  of  a  Gunter's 

*  The  Demonstrations  of  the  Problems  in  this  part,  when  required,  will  be 
found  in  Appendix  B. 
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chain ;  or  2O87V&  feet ;  or  69/^V  yards.    It  is  often  taken  at 
70  paces. 

The  number  of  plants,  hills  of  com,  loads  of  manure,  &c.,  which 
an  acre  will  contain  at  any  imiform  distance  apart,  can  be  at  once 
found  by  dividing  209  by  this  distance  m  feet,  and  multiplying 
the  quotient  by  itself;  or  by  dividing  43560  by  the  square  of  the 
distance  in  feet.  Thus,  at  3  feet  apart,  an  acre  would  contain 
4840  plants,  &c. ;  at  10  feet  apart,  436 ;  at  a  rod  apart,  160 ; 
and  so  on.  If  the  distances  apart  be  unequal,  divide  43560  by 
the  product  of  these  distances  in  feet ;  thus,  if  the  plants  were  in 
rows  6  feet  apart,  and  the  plants  in  the  rows  were  3  feet  apart, 
2420  of  them  would  grow  on  one  acre. 

(193)  To  lay  ont  reetangleSf  The  eantent  and  length  being 
giveuy  both  as  measured  by  the  same  unit,  divide  the  former  by 
the  latter,  and  the  quotient  will  be  the  required  breadth.  Thus,  1 
acre  or  10  square  chains,  if  5  chains  long,  must  be  2  chains  wide. 

The  content  being  given  and  the  length  to  be  a  certain  number 
of  times  the  breadth.  Divide  the  content  in  square  chains,  &c.,  by 
the  ratio  of  the  length  to  the  breadth,  and  the  square  root  of  the 
quotient  will  be  the  shorter  side  desired,  whence  the  longer  side 
b  also  known.  Thus,  let  it  be  required  to  lay  out  80  acres  in  the 
form  of  a  rectangle  3  times  as  long  as  broad.  80  acres  =  300 
square  chains.  The  desired  rectangle  will  contain  8  squares,  each 
of  100  sq.  chs.,  having  sides  of  10  chs«  The  rectangle  will  thero* 
fore  be  10  chs.  wide  and  30  long. 

An  Acre  laid  out  in  a  rectangle  twice  as  long  as  broad,  will  be 
224  Unks  by  448  links,  nearly ;  or  147^  feet  by  295  feet ;  or  49} 
yards  by  98|  yards.  50  paces  by  100  is  often  used  as  an  ap« 
proximation,  easy  to  be  remembered. 

The  content  being  given,  and  the  difference  between  the  length 
and  breadth.  Let  c  represent  this  content,  and  d  this  difference. 
Then  the  longer  side  =  J  i  +  i  VC^^^  +  4  0- 

Example.  Let  the  content  be  6.4  acres,  and  the  differenoo 
12  chains.  Then  the  sides  of  the  rectangle  will  be  respectivAly 
16  chains  and  4  chains. 
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The  content  being  given,  and  the  eum  of  the  length  atid  breads 
Let  e  represent  this  content,  and  8  this  sum.  Then  the  longet 
wde  =  it  +  i  ^(ir»— 4c). 

Example.  Let  the  content  be  6.4  acres,  and  the  sum  20  chams. 
The  above  formula  gives  the  sides  of  ihe  rectangle  16  chains  and  4 
^hiuns  as  before. 

(191)  To  lay  Mt  trianglest  The  content  and  the  base  being 
^veir,  divide  the  former  by  half  the  latter  to  get  the  height.  At 
any  point  of  the  base  erect  a  perpendicular  of  the  length  thus 
obtiuned,  and  it  will  be  the  vertex  of  the  required  triangle. 

The  content  being  ^ven  and  the  base  having  to  be  m  times  the 
height,  the  height  will  equal  the  square  root  of  the  quotient 
obtained  by  dividing  twice  the  given  area  by  m. 

The  content  being  given  and  the  triangle  to  be  equilateral,  take 
the  square  root  of  the  content  and  multiply  it  by  1.520.  The  pro- 
duct will  be  the  length  of  the  side  required.  This  rule  makes  the 
ndes  of  an  equilateral  triangle  containing  one  acre  to  be  480^  links. 
A  quarter  of  an  acre  laid  out  in  the  same  form  would  have  each 
side  240  links  long.  An  equilateral  triangle  is  vety  easily  set  out 
on  the  ground,  as  directed  in  Art.  (90),  under  "  Platting,"  using 
a  rope  or  chain  for  compasses. 

(195)  The  content  and  base  being  g^ven,  and  one  side  having 
to  make  a  given  angle,  as  B,  witii  the  base  Fis-  3^- 

AB, the  length  of  flie  sideBC  =?^42?.- 

AB .  sm.  B 

JExample.    "Ei^j  acres  are  to  be  laid 

out  in  the  form  of  a  triangle,  on  a  base, 

AB,  of  sixty  chains,  bearing  N.  80"*  W. 

the  bearing  of  the  side  BC  being  N.  70''  E.    Here  the  angle  B  is 

found  from  the  Bearings  (by  Art.  (248),  reversing  one  of  them) 

to  be  80^    Hence  BC  =  53.88.    The  figure  is  on  a  scale  of  50 

chains  to  1  inch  ^  1 :  89600. 

Any  right-line  figure  may  be  laid  out  by  analogous  methods. 

(499)  To  lay  Mt  clrclest  Multiply  the  ^ven  content  by  7, 
divide  the  product  by  22,  and  take  tiie  square  root  of  the  quotient. 
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This  win  ^ve  the  radius,  witih  which  the  circle  can  be  described 
on  the  ground  with  a  rope  or  chain.  A  circle  contsuning  one  acre 
has  a  radius  of  178^  links.  A  circle  containing  a  quarter  of  an 
acre  will  have  a  radius  of  89  links. 


(497)  Town  lots*  House  lots  in  cities  are  usually  laid  off  as 
rectangles  of  25  feet  &ont  and  100  feet  depth,  yariouslj  combined 
in  blocks.  Fart  of  New-York  is  laid  out  in  blocks  200  feet  by 
800,  each  containing  64  lots,  and  separated  by  streets,  60  feet 
wide,  running  along  their  long  sides,  and  ayenues,  100  feet  wide, 
on  their  short  sides.  The  eight  lots  on  each  short  side  of  the  block, 
firont  on  the  avenues,  and  the  remsunmg  forty-eight  lots  front  on 
the  streets.  Such  a  block  covers  almost  precisely  8|  acres,  and 
17^  such  lots  aOout  make  an  acre.  But,  allowing  for  the  streets, 
land  laid  out  into  lots,  25  by  100,  arranged  as  above,  would  con* 
tain  only  11.9,  or  not  quite  12  lots  per  acre. 

Lots  in  small  towns  and  villages  are  laid  out  of  greater  size  and 
less  uniformity.  50  feet  by  100  is  a  frequent  size  for  new  villages, 
the  blocks  being  200  feet  by  500,  each  therefore  containing  20  lots. 

(198)  Land  sold  for  taxest  A  case  occurring  in  the  State  of 
Kew-York  will  serve  as  an  application  of  the  modes  of  laying  out 
squares  and  rectangles.  Land 
on  which  taxes  are  unpaid  is 
sold  at  auction  to  the  lowest 
bidder ;  i.  e.  to  him  who  will 
accept  the  smallest  portion  of 
it  in  return  for  paying  the  taxes 
on  the  whole.  The  lot  in  ques- 
tion was  originally  the  east 
half  of  the  square  lot  ABGD, 
containing  500  acres.  At  a 
sale  for  taxes  in  1830,  70  acres 
were  bid  off,  and  this  area  was 
set  off  to  the  purchaser  in  a  square  lot,  from  the  north-east  comer. 
Required  the  side  of  the  square  in  links.  Agam,  in  1884,  29 
acres  more  were  thus  sold,  to  be  set  off  in  a  strip  of  equal  width 
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aroond  the  square  previonsly  sold.  Required  the  width  of  tfaia 
strip.  Once  more,  in  1839,  42  acres  more  were  sold,  to  be  set 
off  aroond  -the  precedmg  piece.  Required  Uie  dimensions  of  ihis 
third  portion.  The  answer  can  be  prored  bj  calcolatmg  if  the 
dimensions  of  the  remaining  rectangle  will  ^ve  the  content  which 
it  should  hare,  via.  250  —  (70  +  29  +  42)  =  109  Acres. 
The  figure  is  on  a  scale  of  40  chains  to  1  inch  =  1 :  31680. 

(4iW)  New  COUtrles.  The  operations  of  laying  out  land  for  the 
purposes  of  settlers,  are  required  on  a  large  pcale  in  new  countries, 
in  combination  with  their  survey.  'There  is  great  difficulty  in 
uniting  Uie  necessary  precision,  rapidity  and  cheapness.  ^^Tri- 
angular Surveying"  will  ensure  the  first  of  these^ qualities,  but  ia 
deficient  in  the  last  two,  and  leaves  the  laying  out  of  lots  to  be 
subsequently  executed.  ^^  Compass  Surveying"  possesses  the  last 
two  qualities,  but  not  the  first.  The  United  States  system  for 
surveying  and  laying  out  the  Public  Lands  admirably  combines  an 
accurate  determination  of  standard  lines  (Meridians  and  Parallels) 
with  a  cheap  and  rapid  subdivision  by  compass.  The  subject  is  so 
important  and  extensive  that  it  will  be  ezplsdned  by  itself  in 
PartXn. 


CHAPTER  n. 

PARTING  OFF  LAND. 

(SM)  It  is  often  required  to  part  off  from  a  field,  or  from  an 
indefinite  space,  a  certain  number  of  acres  by  a  fence  or  other 
boundary  line,  which  is  also  required  to  run  in  a  particular  direc- 
tion, to  sta^  from  a  certain  point,  or  to  fulfil  some  other  condition. 
The  various  cases  most  likely  to  occur  will  be  here  arranged 
according  to  these  conditions.  Both  graphical  and  numerical  me- 
thods will  generally  be  given.* 

•  The  given  lines  will  be  represented  by  fine  full  lines;  the  lines  of  constmctiiMi 
by  broken  lines,  and  the  lines  of  the  result  by  heavy  fuU  lines. 
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The  gLjen  content  is  alirays  supposed  to  be  reduced  to  square 
chains  and  decimal  parts,  and  the  lines  to  be  in  chains  and  deci* 
mals. 

A.    Bt  a  unb  parallel  to  a  side. 

(501)  To  part  off  a  rectangle.  If  the  sides  of  the  field  adja- 
cent to  the  given  side  make  right  angles  with  it,  the  figure  parted 
off  by  a  parallel  to  the  given  side  will  be  a  rectangle,  and  its 
breadth  will  equal  the  required  content  divided  bj  that  side,  as  in 
Art  (498). 

If  the  field  be  bounded  bj  a  curved  or  zdgzag  line  outside  of  the 
^ven  side,  find  the  content  between  these  irregular  lines  and  the 
g^ven  straight  side,  by  the  method  of  of&ets,  subtract  it  from  the 
content  required  to  be  parted  off,  and  proceed  with  the  remainder 
as  above.    The  same  directions  apply  to  the  subsequent  problems. 

(B02)  To  part  off  a  panllelogranit    If  the  sides  adjacent  to 

the  given  side  be  parallel,  the  Fig.  344. 

figure  parted  off  will  be  a  parallel-  ^^ ' 

ogram,  and  its  perpendicular  width, 

CE,  will  be  obtained  as  above. 

The  length  of  one  of  the  parallel 

.,  .^        CE  ABDC 

sides,  as  AC  =  -; — r-  =  - 


Ein.  A      AB  .  sin.  A 


(503)  To  part  off  a  trapezoid.  When  the  sides  of  the  field 
adjacent  to  the  given  side  are  not  parallel,  the  figure  parted  off 
will  be  a  trapezoid. 

When  the  field  or  figure  is  given  on  the  ground,  or  on  a  plat, 
bepn  as  if  the  sides  were  parallel,  pig.  345. 

dividing  the  given  content  by  the 
base  AB.  The  quotient  will  be 
an  approximate  breadth,  CE,  or 
BF;  too  small  if  the  sides  con- 
verge, as  m  the  figure,  and  vice 
versa.  Measure  CD.  Calculate 
the  content  of  ABDC.    Di^dde  the  difference  of  it  and  the  required 
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content  by  CD.  Set  off  the  quotient  perpendicniar  to  CD,  (in  tlik 
figure,  outside  of  it,)  and  it  in31  gjire  a  new  line,  GH,  a  still  nearer 
approximation  to  that  deored.  The  operation  may  be  repeated,  if 
found  necessaiy. 

(504)  When  the  field  is  giren  by  Bearings,  de-        Fig-  ^• 
duce  from  them,  as  in  Art.  (243),  the  angles  at  A 
and  B.    The  required  sides  will  then  be  ^yen  by 
these  formulas : 

2  X  ABCD  .  sin.  (A  +  B)\ 
sin.  A.  sin.  B  /* 

sin.  B 


AD  =  (AB  — CD) 


BC  =  (AB  — CD) 


sm.  (A  +  B)* 
sin.  A 


sin.  (A  +  B) 

When  the  sides  AD  and  BC  diverge,  instead  of  conrer^ng,  aa 
in  the  figure,  the  negative  term,  in  the  expression  for  CD,  becomes 
positive ;  and  in  the  expressions  for  both  AD  and  BC,  the  first 
factor  becomes  (CD  —  AB). 

The  perpendicular  breadth  of  the  trapezoid  s=AD  •  sm.  A; 
or  =BC  .sm.  B. 

Example.  Let  AB  run  North,  six  chains ;  AD,  U*.  80^  E. ; 
BC,  S.  60''  E.  Let  it  be  ^qmred  to  part  off  one  acre  by  a  fence 
parallel  to  AB.  Here  AB  =  6.00,  ABCD  =  10  square  chains, 
A  =  80^B  =  60^  Am.  CD  =  4.57,  AD  =  1.92,  BC  =  2.18, 
and  the  breadth  =  1.89. 

The  figure  is  on  a  scale  of  4  chains  to  1  mch= 1:8168. 

B.    Bt  a  linb  perfenbiouiiAB  to  a  sidb. 


Let  EG  be  the  required  line. 

Fig.  847. 


(506)  To  part  off  a  triangle* 

When  the  field  is  given  on  the 
ground,  or  on  a  plat,  at  any  pomt,  as 
D,  of  the  given  side  AB,  set  out  a 
"  guess  line,"  DE,  perpendicular  to 
AB,  and  calculate  the  content  of 
DEB.    Then  the  required  distance  BE,  from  the  angular  point 

to  the  foot  of  the  desired  perpendicular,  =  BD^I^-^1. 
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Sxam^le.    Let  BD»80  oliains;  ED » 12  chaixis ;  and  the 
,  desired  area = 24.8  acres.    Then  BF  =  85.22  chains. 
The  scale  of  the  figure  is  80  chains  to  1  ]nch=l:28760. 

(506)  When  the  field  is  gjiven  bj  Bearings,  pig.  34a. 
find  the  angle  B  from  the  Bearings ;  then  is 

Example.    Let  BA  bear  S.  TS""  E.,  und  BO 
N.  60^  E.,  and  let  five  acres  be  required  to  be 
parted  off  from  the  field  by  a  perpendicular  to  BA.    Here  the 
angle  B  =»  45"",  and  BF = 10.00  chains. 

The  scale  of  the  figure  is,  20  chains  to  1  mch  =  l:15840. 

(507)  To  part  off  a  f  udrilateralt  Produce  the  oonTergp]ig 
sides  to  meet  at  B.    Calculate  the  Fig.  SS9. 

content  of  the  triangle  HKB,  whe- 
ther on  the  ground  or  plat,  or  firom 
Bearings.    Add  it  to  the  content 

of  the  quadrilateral  required  to  be  ^^^  fe         S" 

parted  off,  and  it  wiU  give  that  of  the  triangle  FGB,  and  the  me- 
thod of  the  precedmg  case  can  then  be  apjilied. 

(608)  To  part  off  any  flgm*  If  tibe  field  be  very  irregularly 
shaped,  find  by  trial  any  line  which  will  part  off  a  little  less  than 
the  required  area.  This  trial  line  will  represent  HK  in  the  pre- 
ceding figure,  and  the  problem  is  reduced  to  parting  off,  accord- 
ing to  the  required  conditioni;  a  quadrilateral^  comprised  between 
the  trial  line,  two  sides  of  the  field,  and  the  required  line,  and  con- 
taining the  difference  between  the  Required  content  and  that  parted 
off  by  the  trial-line. 

G.    By  a  linb  BUNKiNa  in  aky  given  dibbotion. 

(500)  To  part  off  a  triaiiglOf  By  construction,  on  the  ground 
or  &e  plat,  proceed  nearly  as  in  Art.  (505),  setting  out  a  line 
in  the  required  direction,  calculating  the  triangle  thus  formed,  and 
obtainmg  BF  by  the  same  formula  as  in  that  Article. 

22 
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(610)  If  the  field  be  ffren  by  Bearings,  find 
fccm  ihem  the  angles  CBA  and  6FB ;  then  ia 


BF 


-V( 


2  X  BFG  ■ui(B  +  F) 


) 


sin.  B  .  am.  F 

Hzample.  Let  BA  bear  S.  SO""  E. ;  BG, 
N.  SO"*  E. ;  and  a  fence  be  required  to  nin,fix>m 
Bome  point  in  BA,  a  due  North  course,  and 
part  off  one  acre.  Required  the  distance  from 
B  to  the  pomt  F,  whence  it  must  start.  Am 
The  angle  B  =  70%  and  F  =  80^  ThenBF  = 
6.4T. 

The  scale  of  ilg.  850  is  6  chains  to  1  mch  =  l:47^< 


(511)  To  part  off  a  «iadrflateral.  Let  it  be  required  to  part 
off,  by  a  line  running  in  a  ^^'  ^^* 

^yen  direction,  a  quadrilsr 
teral  from  a  field  in  which 
are  given  the  nde  AB,  and 
the  directions  of  the  two  B 
other  sides  runxung  from  A 
and  from  B. 

On  the  ground  or  plat 
produce  the  two  converpng 
fides  to  meet  at  some  point 
E.  Calculate  tibe  content 
of  the  triangle  ABE.  Measure  the  dde  AE.  From  ABE  subtract 
the  area  to  be  cut  off,  and  the  remainder  will  be  the  content  of  the 
triangle  CDE.  From  A  set  out  a  Ime  AF  parallel  to  the  giyen 
direction.    Find  the  content  of  ABF.    Take  it  from  ABE,  and 

taus  obtain  AFE.    Then  this  formula,  ED  «=:  AE  ^/^^^  will  fix 

the  point  D,  since  AD  =  AE  — ED. 

(512)  When  the  field  and  the  dividing  line  are  given  by  Bear 
mg9,  produce  the  sides  as  in  the  last  article,  find  all  the  angles 
from  the  Bearings.  Calculate  the  content  of  the  triangle  ABE,, by 
the  formula  for  one  side  and  its  including  angles.    Take  the 
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desired  content  from  ilus  to  obtam  *(JDE.     Calculate  the  side 

Bin.  B  V  \    Bin.  E  .  Bin.  ODE    / 

Example,    Let  DA  bear  S.  20J^  W- ;  AB,  N.  61  J**  W.,  8.19  ; 
HCj  N.  78|^  E. ;  and  let  it  be  required  to  part  off  two  acres  bj  a 
fence,  DO,  running  N.  45'' W.    Ans.    ABE  =  82.60  sq.  chains ; 
▼hence  CDE  =  12.60  sq.  chs.    Also,  AE=:8.87;  and  finally 
AD  =  8.87  —  6.49  =  2.88  chains. 
The  scale  of  Ilg.  861  is  6  chains  to  1  inch  =  1 :  8960. 
If  the  sum  of  the  angles  at  A  and  B  was  more  than  two  right " 
angles,  the  point  E  would  lie  on  the  other  side  of  AB.    The  neces- 
sary modifications  are  apparent. 

(518)  To  part  off  any  tgnret  Proceed  in  a  sunilar  manner  to 
that  described  in  Art.  (508),  by  getting  a  suitable  trial-line,  pro- 
ducmg  the  sides  it  intersects,  and  then  applying  the  method  just 
^ven. 

D.      By  a  UNB  STAKTIKa  from  a  aiVBN  POINT  IN  A  BIDB. 

(614)  To  iMurt  off  a  triangA*  Let  it  be  required  to  cut  off 
from  a  comer  of  a  field  a  triangu-  Yig.  352. 

lar  space  of  ^ven  content,  by  a  2) 

line  starting  from  a  given  point 
on  one  of  the  sides,  A  in  the  figure, 
the  base,  AB,  of  the  desired  tri- 
angle being  thus  given.  If  the 
field  be  ^ven  on  Uie  ground  or  on 
a  plat,  divide  the  g^ven  content 
by  half  the  base,  and  the  quotient  will  be  the  height  of  the  tri- 
angle. Set  off  this  distance  firom  any  point  of  AB,  perpendicular 
to  it,  as  from  A  to  0 ;  from  G  set  out  a  parallel  to  AB,  and  ^ts 
intersection  with  the  second  lude,  as  at  D,  will  be  the  vertex  of  the 
required  triangle. 

Otherwise,  divide  the  required  content  by  half  of  the  perpendi- 
cular dbtance  from  A  to  BD,  and  the  quotient  will  be  BD. 

*  TbiB  original  formala  ii  very  oonyenient  for  logarithmic  computatioD. 
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(616)  If  the  field  be  ^vea  by  the  Bearings  of  two  sides  and  tht 
length  of  one  of  them,  deduce  the  angle  B  (Hg.  852)  from  the 

Bearings,  as  in  Art.  (248).    Then  b  BD  =.1^L^^. 

If  it  is  more  convenient  to  fix  the  point  D,  by  the  Second  Me- 
tiiod,  Art.  (8),  that  of  rectangular  coordinates,  we  shall  have 
BE  =  BD  .  cos.  B;  and  ED==::BD  .  rin«  B. 

The  Bearing  of  AD  is  obtained  from  the  anj^e  BAD ;  which  is 

I  .      ED  ED  .        TjATk 

known,  smce  —  =  ^^g_-_=  tang.  BAD. 

Example.  Eighty  acres  are  to  be  set  off  from  a  comer  of  a 
field,  the  course  AB  being  N.  80<^  W.,  sixty  chains ;  and  the  Bear- 
ing of  BD  being  N.  70°  E.  Am.  BD =68.88 ;  BE  =  46.19  ; 
ED  =  26.67 ;  and  the  Bearing  of  AD,  N.  17^  28'  W. 

The  scale  of  Ilg.  852  is  40  chains  to  1  inch»:l :  31680. 

If  the  field  were  right  angled  at  B,  of  course  BD  =         ■-. 

(618)  To  ]MUtt  off  a  f  ladrllatonl.  Lnag^ie  the  two  conyerg- 
ing  sides  of  the  field  produced  to  me^t,  as  in  Art.  (611).  Calcu* 
late  the  content  of  the  triangle  thus  formed,  and  the  question  will 
then  be  reduced  to  the  one  explained  in  the  last  two  articles. 

(617)  Topartoffanyflgnre.  Proceed  as  directed  in  Art.(61S). 
Otherwise,  proceed  as  follows. 

The  field  bexog  given  on  the  ground  or  on  a  plat,  find  on  which 
side  of  it  the  required  line  will  end,  by  drawing  or  running  ^^  guess 
lme^"  from  the  given  point  to  various  angles,  and  roughly  measur- 
mg  the  content  thus  parted  off.  Fig-  353. 

If,  as  in  the  figure,  A  being  the 
given  point,  the  guess  Ime  AD 
parts  off  less  than  the  required  con- 
tent, and  AE  parts  off  more,  then 
the  desired  division  line  AZ  will 
end  m  the  side  DE.  Subtract  the 
area  parted  off  by  AD  from  the  1 1 
required  content,  and  the  difference  will  be  the  content  of  the  izi- 
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angle  ADZ.  Divide  this  by  half  the  perpendicular  let  fall  from 
the  given  point  A  to  the  side  DE,  and  the  quotient  "will  be  the  base, 
or  distance  from  D  to  Z. 

Or,  find  the  content  of  ADE  and  make  this  proportion ;  ADE  : 
ADZ::DE:DZ. 

(618)  The  field  being  g^ven  by  Bearings  and  distances,  find 
as  befi>re,  by  approximate  trials  on  the  plat,  or  otherwise,  which 
nde  the  desired  line  of  division  will  terminate  in,  as  DE  in  the  last 
figure.  Draw  AD.  find  the  Latitude  and  Departure  of  this 
line,  and  thence  its  length  and  Bearing,  as  in  Art  (440)  •  Then 
calculate  the  f^a  of  the  space  this  line  parts  off,  ABGD  in  the 
figure,  by  the  usual  method,  ej^Iained  in  Part  III,  Chapter  YI. 
Subtract  this  area  fit>m  that  required  to  be  cut  off,  and  the  remain- 
der wiU  be  the  area  of  the  triangle  ADZ.    Then,  as  in  Art.  (616)) 

DZ=       ^^P^      . 
AD .  sin.  ADZ 

This  problem  may  be  executed  without  any  other  Table  than  that 
of  Latitudes  and  Departures,  thus.  Emd  the  Latitude  and  Depar- 
ture of  DA,  as  before,  the  area  of  the  space  ABGD,  and  thence 
the  content  of  ADZ.  Then  find  the  Latitude  and  Departure  of 
EA,  and  the  content  of  ADE.  Lastiy,  make  this  proportion: 
ADE:ADZ::DE^DZ.* 

JEzcmpU.  IxL  the  field  ABODE,  &c.,  part  of  which  is  shown 
in  Fig.  353,«(on  a  scale  of  4  chains  to  1  inch=  1: 3168),  one 
acre  is  to  be  parted  off  on  th«i  west  side,  by  a  line  starting  from  the 
angle  A.  Required  the  distance  from  D  to  Z,  the  other  end  of 
this  dividing  line.f 

The  only  courses  needed  are  these.  AB,  U*.  53^  W.,  1.55 , 
BC,  N.  20<^  E.,  2.00 ;  CD,  N.  63 J^  E.,  1.32 ;  DE,  S.  67°  E.,  6.79. 
A  rough  measurement  will  at  once  shew  that  ABGD  is  less  than 
an  acre,  and  that  ABGDE  is  more ;  hence  the  desired  line  will  fid! 

*  Tbe  ])rob]em  may  also  be  peiformed  by  making  the  Bide  on  which  the  divi 
lion  line  is  to  fall,  a  Meridian,  and  changing  the  Bearings  as  in  Art.  (244).    Hie 


difference  of  the  new  Departures  will  be  the  Departnre  of  the  Division  line.  ^Its 

position  can  then  be  easily  determ 

YII,  Chapter  IV,  Arts.  (443),  &c 


lition  can  then  be  easily  determined,  by  calculations  resembling  those  in  Part 


t  If  the  whole  field  has  been  surveyed  and  balanced,  the  balanced  Latitudes 
and  Departures  should  be  used.  We  will  here  suppose  the  survey  to  have  proved 
perfectly  correct* 
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<m  DE.  The  Lalitades  aad  Departures  of  AB,  BC  and  CD  are 
then  found.  From  them  the  ooarse  AD  is  found  to  be  N.  8^  E., 
8.63.  The  content  of  ABCD  will  be  8.19  square  chains.  Snk 
tractmg  this  from  one  acre,  the  remamder,  6.81  sq.  chs.,  is  the  con- 
tent of  ADZ.  AP  =  3.63  X  on.  6$^  =  3.29.  Dividing  ADZ 
by  half  of  this,  we  obtain  DZ  =  4.14  chains. 

By  the  Second  Method,  the  Latitude  and  Departure  of  DA,  the 
area  of  ABCD,  and  of  ADZ,  bemg  found  as  before,  we  next  find 
the  Latitude  and  Departure  of  EA,  from  those  of  AD  and  DE, 
and  thence  the  area  of  ADE  =  9.58.  Lastly,  we  have  Jie  pro* 
portion  9.53  :  6.81 : :  5.79  :  DZ  =r  4.14,  as  before. 

E.  Bt  a  linb  PASsnra  through  a  oivbn  foist  wuhin  thb  vosld. 


Let  P  be  a  point  within  a  field 

Fig.  354. 


(Uf  )  To  part  off  a  triangle. 

through  which  it  is  required  to 
run  a  line  so  as  to  part  off  from 
the  field,  a  ^ren  area  in  the 
form  of  a  triangle. 

When  the  field  is  ^ren  on  the 
ground  or  on  a  plat,  the  division 
can  be  made  by  construction, 
thus.  From  P  draw  PE,  paral- 
lel to  the  side  BC.  Divide  the 
^ven  area  by  half  of  the  perpen- 
dicular distance  from  P  to  AC, 
and  set  off  the  quotient  from  C 
to  G.  Bisect  GC  m  H.  On 
HE  describe  a  semi-circle.  On 
it  set  off  EK  =  EG.  Job  EH. 
Set  off  HL  =  HE.  The  line  LM,  drawn  from  L  through  P,  will 
be  the  division  line  required.*  If  HE  be  set  off  in  the  contrary 
direction,  it  will  fix  another  line  LTM',  meeting  GB  produced,  and 
thus  parting  off  another  triangle  of  the  required  content. 

Example.    Let  it  be  required  to  part  off  S1.175  acres  by  a 
fence  passing  through  a  point  P,  the  distance  PD  of  P  from  the 

*  As  lome  linet  in  the  figure  are  not  used  in  the  constmction,  though  needed 
for  the  Demonstration,  the  student  should  draw  it  himself  to  a  large  scale. 
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ode  BC,  meamired  paraUel  to  AG,  bdng  6  chains,  and  DO  18 
chaiDs.    The  angle  at  G  is  fixed  by  a  '"tie-line"  AB  =  48.00, 
BG  being  42.00,  and  GA  bdng  80.00.    Am.    GL  =  27.81 
chains,  or  GL'  =  7.69  chains. 
The  figure  is  on  a  scale  of  20  chains  to  1  moh  sss  1 :  15840. 


Fig.  355. 


(5M>  If  the  angle  of  the  field 
and  the  position  of  the  point  P  are 
^ven  by  Bearings  or  angles,  proceed 
thus,  find  the  perpendicnlar  dis- 
tances, PQ  and  PB,  firom  the  given 
pomt  to  the  ides,  by  the  formulas 
PQ  =  PG  .  sin.  PGQ;  and  PR» 
PG  .  sin.  PGE.  Let  PQ  =  y,  PB 
=1?,  and  the  required  content  =stf. 

ThenGL  =  ^J:,/(4-.  ^M. 
p      V  \p^      Bin.  LCM/ 

JExample.  Let  the  angle  LGM  =  82^.  Let  it  be  required  to 
part  off  the  same  area  as  in  the  preceding  example.  Let  PG^s 
19.75,  PGij=:17o  80 J',  PGB  =  64o  29i'.  Eequired  GL. 
Ans.  PQ  =  5.94,  PB  =  17.82,  and  therefore,  by  the  formula, 
GL  =  27.31,  or  GL'=7.69;  corresponding  to  the  graphical 
solution.    The  figure  is  on  the  same  scale. 

If  the  g^ven  pomt  were  withovt  the  field,  the  diyimon  line  could 
be  determined  in  a  similar  manner. 


(521)  To  part  off  a  f  lUuUilateralt    Gonceiye  the  two  sides  of 
the  field  which  the  division  line  will  intersect,  Fig.  356. 

DA  and  CB,  produced  till  they  meet  at  a 
point  G,  not  shown  in  the  figure.  Galculate 
the  triangle  thus  formed  outside  of  the  field. 
Its  area  mcreased  by  the  required  area, 
will  be  that  of  the  triangle  EF6.  Then  tiie 
problem  is  identical  with  that  in  the  last 
article.  The  following  example  is  that 
given  m  Gummere's  Surveying.  The  figure 
represents  it  on  a  scale  of  20  chains  to  1  inch  =  1 :  15840. 
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Example.  A  field  is  bounded  thus:  N.  14^  W.,  15.20; 
N.  70 JO  E,,  20.48 ;  S.  6^  B.,  22.79 ;  N.  86i<^  W.,  18.00.  A 
.spring  within  it  bears  from  die  second  comer  S.  75^  E.,  7.90.  It 
is  required  to  cut  off  10  acres  from  the  West  side  of  the  fidd  by  a 
strai^t  fence  through  the  spring.  How  fax  will  it  be  from  the 
first  comer  to  the  pomt  at  which  the  division  fence  meets  the  finxrih 
side  ?    Am.  4.6357  chuns. 

(522)  To  part  off  any  llgiret    Let  it  be  required  to  part  off 
from  a  field  a  certain  area  by  Fig-  3^7. 

a  line  passing  flirough  a  given 
pcnnt  P  within  the  field.  Bun 
a  guess-line  AB  through  P. 
Calculate  the  area  which  it 
parts  off.  Call  the  difference 
between  it  and  the  required 
area  =  i.  Let  CD  be  the 
desired  Ime  of  division,  and 
let  P  represent  the  anj^e,  APC  or  BPD,  which  it  makes  with  the 
given  line.  Obtam  the  angles  PAC  =  A,  and  PBD'=:  B,  eith^ 
by  measurement,  or  by  deduction  from  Bearings.  Measure  PA 
and  PB.  Then  the  desired  angle  P  will  be  ^ven  by  the  following 
formula. 

Cot.  P  =  — J  (cot.  A  +  cot.  B  —  ^^'^^^')j= 

"APa  .  cot.  B  —  BPa  .  cot.  A 


V[- 


id 


■  cot.  A .  cot.  B  + 


t(cot.A  +  cot.B~-^^'-/P')']. 

If  tibe  gaess  line  be  run  so  aa  to  be  perpendicular  to  one  of  Qm 
ndes  of  the  field,  at  A,  for  example,  the  preceding  expreadon 
reduces  to  the  following  simpler  form. 

Cot.  P  =»  —  i  (cot.  B  —  ^^' ~  °^')  rfc 

/rAPa.cot.B  ,  ,  /    .  «       AP»— Bpa\n 
VL       2rf        +H°ot.B ^^_)  J. 
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SoDompU.  It  was  reqtiired  to  cut  off  from  a  field  twelve  acrei 
by  a  line  passmg  through  a  spring,  P.  A  gaess-lme,  AB,  was  nm 
makmg  an  angle  with  one  cdde  of  the  field,  at  A,  of  55^,  and  with 
the  opposite  side,  at  B,  of  81^.  The  area  thus  cut  off  was  found 
to  be  18.10  acres.  From  the  spring  to  A  was  ^80  chains,  and  to 
B  3.80  chains.  Bie<]uired  the  angle  which  the  required  line,  CD, 
must  make  with  the  guess  Ike,  AB,  at  P.  An9.  20^  45' ;  or 
—  86^  25'.    The  heavy  broken  line,  CD',  shows  the  latter. 

The  scale  of  the  figure  is  10  chains  to  1  inch  =  1 :  7920. 

If  the  given  pomt  were  outside  of  the  field,  the  calculations  would 
be  similar. 


F.    By  thb  shobtbst  possiblb  line. 

(S28)  To  part  off  a  triangle.    Let  it  be  required  to  part  off  a 
triangular  space,  BDE,  of  g^ven  content,  from  the        Fig.  358. 
comer  of  a  field,  ABC,  by  the  shortest  possible 
line,  DE. 

From  B  set  6ff  BD  and  BE  each  equal  to 

y/(^l^y   The  line  DEflius  obtained  will  be 
perpendicular  to  the  line,  BF,  which  bisects  the  an- 


g}eB.  The  length  of  DE 


_  V(2.DBE.8m.B) 


006.  iB 

HxampU.  Let  it  be  required  to  part  off  1.8  acre  from  tiba 
comer  of  a  field,  the  angle,  B,  bemg  80^.  Am.  BD  =  BE  => 
7.21;  and  DE  =  8.78. 

The  scale  of  the  figm*e  is  10  chains  to  1  inch  ^1 :  7920. 


G.     LAmO  OF  YABIABLE  VALUE. 

(524)  Let  the  figure  represent  a  field  in  which 
the  land  is  of  two  qualities  and  values,  divided  bj 
the  '^  quality  line"  EF.  It  is  requii^d  to  part  off 
firam  it  a  quantity  of  land  worth  a  certain  sum,  by 
a  straight  fence  parallel  to  AB. 

Multiply  the  value  per  acre  of  each  part  by  its 
length  (m  chains)  on  the  line  AB,  add  the  pro- 
ducts, multiply  the  value  to  be  set  off  by  10,  divide 


Fig.  359. 
C 
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by  the  above  sum,  and  tibe  quotient  irill  be  the  denied  breadth,  BO 
or  AD,  in  chidns. 

JEzample.  Let  the  land  on  one  aide  of  EF  be  worth  $200  pei 
acre,  and  on  the  other  side  $100.  Let  the  length  of  the  former, 
BE,  be  10  chains,  and  EA  be  80  chains.  It  is  required  to  part 
off  a  quantity  of  land  worth  $7500.  Am.  The  width  of  the 
desired  strip  will  be  15  chains.        « 

The  scale  of  the  figure  is  40  chains  to  1  inch  =  1 :  81680. 

If  the  ^^  quality  Une"  be  not  perpendicular  to  AB,  it  may  be 
made  so  by  ^^  giving  and  taking,"  as  in  Art.  (124),  or  as  in  the 
article  following  this  one. 

The  same  method  may  be  applied  to  land  of  any  number  of 
different  qualities ;  and  a  combination  of  this  method  with  the  pre- 
ceding problems  will  solve  any  case  which  may  occur. 

"   H.   SxRAiaHTRNINa  CKOOKBD  FENCB8. 

(its)  It  is  often  required  to  substitute  a  straight  fence  for  a 
crooked  one,  so  that  the  former  shall  part  off  precisely  the -same 
quantity  of  land  as  did  the  latter.  This  can  be  done  on  a  plai;  by 
the  method  ^ven  in  Art.  (88),  by  which  the  irregular  figure 

Fig.  360. 


1...2...8...4...5  is  reduced  to  the  equivalent  triangle  1...5...3',and 
the  stnught  line  5.. .3'  therefore  parts  off  the  same  quantity  of  land 
on  either  side  as  did  the  crooked  one.  The  distance  from  1  to  3', 
as  found  on  the  plat,  can  then  be  set  out  on  the  ground  and  the 
straight  fence  be  then  ranged  from  8'  to  5 

The  work  may  be  done  on  the  ground  more  accurately  by  ruih 
ning  a  guess  Ime,  AC,  Fig.  861,  across  the  bends  of  the  fence  which 
crooks  from  A  to  B,  measuring  offiiets  to  the  bends  on  each  dda 
of  the  guess  line,  and  calculating  their  content.  If  the  sums  of 
these  areas  on  each  side  of  AG  chanced  to  be  equal,  that  would  be 
the  line  desired ;  but  if,  as  in  the  figure,  it  passes  too  far  on  one 
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Bide,  divide  the  difference  of  the  areas  by  half  of  AC,  and  set  it 
off  at  right  angles  to  AG,  from  A  to  B.  DO  will  then  be  a  line 
parting  off  the  same  quantity  of  land  as  did  the  crooked  fence.  If 
the  fence  at  A  was  not  perpendicular  to  AG,  but  oblique,  as  AE, 
then  from  D  run  a  parallel  to  AG,  meeting  the  fence  at  E,  and  EC 
will  be  the  required  line. 


CHAPTER  m. 


DITIDIN6  UP  LAND. 

(S2()  'Most  of  the  problems  for  ^^  Dividing  up''  land  may  be 
brought  under  the  cases  in  the  precedmg  chapter,  by  regarding 
one  of  the  portions  into  which  the  figure  is  to  be  divided,  as  an 
area  to  be  ''  Parted  off"  from  it  Many  of  them,  however,  can 
be  most  neatly  executed  by  considering  them  as  independent  pro* 
blems,  and  this  will  be  here  done.  They  will  be  arranged,  firutiy, 
according  to  the  simplicity  of  the  figure  to  be  divided  up,  and  then 
sub-arradged,  as  in  tiie  leading  arrangement  of  Chapter  IE,  accord- 
ing to  the  manner  of  the  division. 


DIVISION  OF  TRIANGLES. 

(627)  By  lines  paraDel  to  a  side.  Sup- 
pose that  the  triangle  ABC  is  to  be  divided  into 
two  equivalent  parts  by  a  line  parallel  to  AC. 
The  desired  point,  D,  from  which  this  line  is  to 
start,  will  be  obtained  by  measuring  BD  = 
AB  i/}.     So,  too,  E  is  fixed  by  BE  =  BC  Vi 


Fis.3e2. 
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(Jenerallj,  to  divide  the  triangle  into  two  parts,  BDE  and  AGED 
which  shall  have  to  each  otiier  a  ratio  =  m  :  n,  we  hare  BD  => 

vm  +  n 
This  may  be  constracted  thus.    Describe  a         Fig-36S. 
Bemicircle  on  AB  as  a  diameter.    From  B  set 

off  BP  =  — ^  .  BA.    At  F  erect  aperpendi- 

enlar  meeting  the  semicircle  at  Q,    Set  off  BO 
from  B  to  D.    D  is  the  starting  p(nnt  of  the  divi- 
sion line  reqtiired.    In  the  figure,  the  two  parts  are  as  2  to  8,  and 
BF  is  therefore  =  I  BA. 

To  divide  the  triangle  ABO  into  five 
equivalent  parts,  we  should  have,  similarly, 
BD=AB  Vi;  BD'  =  AB  Vil  BD" 
=  AB  Vf ;  BD'"SAB  Vf 

The  same  method  will  divide  the  trian- 
gle into  any  desired  number  of  parts  hav- 
ing any  ratios  to  each  other« 


Fig.  364. 


(528)  By  lines  perpenticilar  to  a  sMei  Suppose  that  ABC 
is  to  be  dinded  into  two  parts  having  Fig.  365. 

a  ratio  =  m  :  n, by  aline  perpendicular 
to  AG.  Let  EF  be  the  dividing  Ime 
whose  position  is  required.  Let  BD 
be  a  perpendicular  let  fiJl  from  B  to 

AC.    ThenisAE  =  J(aO  X  AD  X 

AFE  :  EFBC  : :  m  :  n  ;:  1 :  2. 

If  the  triangle  had  to  be  divided  mto  two  equivalent  parts,  the 
above  expression  would  become  AE  =  VCi  AG  x  AD). 

(629)  By  lines  running  In  any  glren  ilreetlon.  Let  a  triangle, 
ABG,  be  ^ven  to  be  divided  into  two  parts,  having  a  ratio  =  m  :  n, 
by  a  line  making  a  given  angle  with  a  side.    Part  off,  as  in  Ait 


In  this  figure, 


(509)  or  (410),  Rg.  350,  an  area  BFG  = 


m  +  n 


ABG. 
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(5S0)  By  lilies  stardig  from  u  angle.    Divide  the  side,  oppoi 
site  to  the  given  angle  into  the  required  nmnr           ^^s-  366. 
ber  of  parts,  and  draw  linen  from  the  angle  to 
the  points  of  division.    In  the  figure  the  trir 
angle  is  represented  as  being  thus  divided  into 
two  equivalent  parts.  ^"^ ^ 

If  the  triangle  were  required  to  be  divided  mto  two  parts,  having 

to  each  other  a  ratio  »  w  :  n,  we  should  have  AD  =  AC — ; — > 

andDO  =  AC— ^. 
m  +  n 

If' the  triangle  had  to  be  divided  mto  three  Fig.  367. 

partfS  which  should  be  to  each  other  iiminipy 

we  should  have  AD  =  AC — ,DE 

m  +  n  +  p 

n=  AC ^^— ,andEC  =  AC £_-. 

m^  n  +  p  «i+»  +  l> 

Suppose  that  a  triangular  field  ABC,  had  to  be  divided  among 

five  men,  two  of  them  to  have  a  quarter  each^  and  three  of  them 

each  a  sixth.    Divide  AC  into  two  equal  parts,  one  of  these  again 

into  two  equal  parts,  and  the  other  one  into  three  equal  parts. 

Bun  the  lines  from  the  four  points  thus  obtained  to  the  angle  B. 

'    (581)  By  lines  startiiig  flrom  a  point  in  a  sides    Suppose  that 
the  triangle  ABC  is  to  be  divided  into  two  Fig.^368 

equivalent  parts  by  a  line  starting  from  a  point 
D  in  the  mde  AC.  Take  a  point  E  in  the 
middle  of  AC.  Job  BD,  and  from  E  draw  a 
parallel  to  it,  meeting  AB  in  F.  DF  will  be 
the  dividing  line  required.  ^ 

The  pomt  F  will  be  most  easily  obtained  on  the  ground  by  the 
proportion  AD  :  AB  : :  AE  =  J  AC  :  AF. 

The  altitude  of  AFD  of  course  equals  \  ABC  -r-  4  AD. 

If  the  triangle  is  to  be  divided  into  two  parts  having  any  other 
ratio  to  each  other,  divide  AC  in  that  ratio,  and  then  proceed  as 

before.     lict  this  ratio  =«  w :  w,  then  AF  =  - — ^-^ —  .  — ^^. 

AD  m+  n 
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(fiSS)  Next  sappose  that  the  trian-  F^-  3e9. 

gle  ABC  is  to  be  divided  into  three 
equivalent  parts,  meeting  at  D.  The 
altitudes,  EF  and  6H,  of  the  parts 

ADE  and  DCG,  will  be  obtained  by  J^ ^  g    j^^ 

dividing  \  ABC,  by  half  of  the  respective  bases  AD  and  DC. 

J£  one  of  these  quotients  gives  an  altitude  greater  than  that  of  the 
triangle  ABC,  it  will  shew  that  the  two  lines  DE  and  DG  would 
both  cut  the  same  side,  as  in  Fig.  870,  in  Fig.  870. 

which  EF  is  obtained  as  above,  and  GH  » 
I  ABC  -r  i  AD. 

In  practice  it  is  more  convenient  to  de- 
termme  the  points  F  and  G,  by  these 
proportions ;  '^       z      h  k    jT 

BK  :  AK  : :  EF  :  AF;  and  BK  :  AK  : :  GH  :  AH. 

The  division  of  a  triangle  mto  a  greater  number  of  parts,  having 
any  ratios,  may  be  effected  in  a  similar  manner. 

(5SS)  This  problem  admits  of  a  more  elegant  solution,  analogous 
to  that  given  for  the  division  into  two  ^'^s-  37i. 

parts,  graphically.    Divide  AC  into 
three  equal  parts  at  L  and  M.    Join 
BD,  and  from  L  and  M  draw  paral- 
lels to  it,*meeting  AB  and  BC  in  E     *•  E       FTSf" 
and  G.    Draw  ED  and  GD,  which  will  be  the  desdred  lines  of 
division.    The  figure  is  the  same  triangle  as  Fig.  869. 

The  points  E  and  G  can  be  obtained  on  the  ground  by  measur- 
ing AD  and  AB,  and  maJdng  the  proportion  AD :  AB : :  |  AC  :  AK 
The  pomt  G  is  similarly  obtained. 

The  same  method  will  divide  a  triangle  into  a  greater  number 
of  parts. 

(584)  To  divide  a  triangle  mto  four  equivalent  triangles  by 


lines  terminating  in  the  sides,  is  very 
easy.  From  D,  the  middle  point  of  AB, 
draw  DE  parallel  to  AC,  and  from  F, 
the  middle  of  AC,  draw  FD  and  FE. 
The  problem  is  now  solved. 


Fig.  372. 
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(SSS)  By  liies  passtiig  through  a  point  within  the  triuf  le. 

Let  D  be  a  pven  point  (each  as  a  well,  ^^s-  ^^*^ 

&o.)  within  a  triangular  field  ABC,  from 

wliich  fences  are  to  run  so  as  to  divide 

Hie  triangle  into  two  eqniyalent  parts. 

Join  AD.    Take  E  in  the  middle  of  BC, 

and  from  it  draw  a  parallel  to  DA,  meeting  AC  in  F. 

tlie  fenoe  required. 

(5M)  If  it  be  required  to  di- 
vide a  triangle  into  two  equiva- 
lent parts  by  a  straight  line  pass- 
ing through  a  point  within  it,  pro- 
ceed thus.  Let  P  be  the  given 
point.  From  P  draw  PD  paral- 
lel to  AC,  and  PE  paraUel  to  BC. 
Bisect  AC  at  F.  JoinFB.  From 
BdrawBGparalleltoDF.  Then 
bisect  GC  in  H.  On  HE  de- 
scribe a  semicircle.  On  it  set  off 
EE  =  EC.  Join  EH.  Set  off 
HL  =  HE.  The  line  LM  drawn 
from  L,  through  P,  will  be  the 
division  line  required. 

This  figure  is  the  same  as  that  of  Art.  (519).  The  triangle 
ABC  contains  62.85  acres,  and  the  distance  CL  =  27.31  chains, 
as  in  the  example  in  that  article. 

(ffS7)  Next  suppose  that  the  trian- 
^e  ABC  is  to  be  divided  into  three 
equivalent  parts  by  lines  starting  from 
a  pomt  D,  within  the  triangle,  given  by 
the  rectangular  co-ordinates  AE  and 
and  ED.  Let  ED  be  one  of  the  Imes 
of  division,  and  F  and  G  the  other  points  required.  The  pomt  F 
will  be  determined  if  AH  is  known ;  AH  and  HF  being  its  rectan- 
gular co-ordinates.    From  B  let  fall  the  perpendicular  BK  on  AC. 
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other  pomt,  G,  is  detennined  m  t 

(SK)  LetDB^msieadrfDE,  ^     f«S7« 

be  one  of  ihe  required  lines  of 
diTinm*  Bivide  (  ABC  by  half 
of  Hie  perpendicular  DH,  let  iail 
from  D  to  AB,  and  the  quotient 
will  be  die  distance  BF.    Tofind    ^^ 

G,  if,  as  in  this  figure,  flie  trian-  a.^^^ ^pjt- 

gle  BDC  (=BC  X  ^DK)  is  less  than  (  ABO,  dhide  Hie  ezeesB 
of  the  latter  (which  will  be  CDG)  by  (DE,  and  the  qnotient  wiB 
beCG. 

Example.  Let  AB  =  80.00 ;  BO  ^  45.00 ;  OA  »  50.00. 
Let  the  perpendiculars  from  D  to  the  sides  be  these ;  BE  ==:  10. 00 ; 
DH  =  20.00 ;  DE  =  5.17^.  The  content  of  the  Izian^e  ABC 
will  be  666.6  square  chains.  Each  of  the  small  triangles  must 
therefore  contain  222.2  sq.  chs.,  BD  bemg  one  dividon  line.  We 
shall  therefore  have  BF  =  222.2  -t-  i  DH  =  22.2  chains.  BDG 
=s  45  X  i  X  5.17}  =s  116.4  sq.  chs.,  not  enough  for  a  second  pop> 
tion,  but  leaving  105.8  sq.  chs.  for  CDG;  whence  CG  =  21.16 
chs.  To  prove  the  work,  calculate  the  content  of  the  remaining 
portion,  GDFA.  We  shall  find  DGA  ^  144.2  sq.  chs.,  and  ADF 
s  78.0  sq.  chs.,  malting  together  222.2  sq.  chs.,  as  required. 

Tte  scale  of  Ilg.  876  is  80  chains  to  1  inch  =  1 :  28760. 

(589)  The  preceding  case  may  ^     Fig.  377. 

be  also  solved  graphically,  thus. 
TakeCL  =  JAC.  Join  DL,  and 
from  B  draw  BG  parallel  to  DL. 
JoinDG.  It  will  be  a  second  fine 
of  division.  Then  take  a  pomt, 
M,  in  the  middle  of  BG,  and  from  A^ 
it  draw  a  line,  MF,  piurallel  to  DA.  DF  will  be  the  third  line  of 
division.  This  method  is  neater  on  paper  than  the  preceding ;  but 
lees  convenient  on  the  ground. 


'.  ni.] 
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(540)  Let  it  be  required  to  divide  Fig.  37&^ 

the  triaa^e  ABC  into  three  eqaiya- 
lent  triangles,  bj  lines  dra^m  from 
the  three  angular  points  to  some  tmr 
knoum  point  within  the  triangle.  This 
point  is  now  to  be  found.  On  any  A^ 
side,  as  AB.  take  AD  =  |  AB.  From  D  draw  DE  parallel  to 
AC.     The  middle,  F,  of  DE,  is  the  point  required. 

If  the  three  small  triangles  are  not  to  be  equivalent,  but  are  to 
have  to  each  other  the  ratios : :  m :  n :  j>,  Fi^-  379. 

divide  a  side,  AB,  into  parts  having 
these  ratios,  and  through  each  point 
of  division,  D,  E,  draw  a  parallel  to 
the  side  nearest  to  it.  The  intersec- 
tion of  these  parallels,  in  F,  is  the 


pomt  required. 
2:8:4. 


In  the  figure  the  parts  ACF,  ABF,  BCF,  are  aa 


(&«)  Let  it  be  required  to  find  ^'g-  380. 

the  position  of  a  point,  D,  situated 
within  a  g^ven  triangle,  ABC,  and 
equallj  distant  from  the  points  A,  B, 
C;  and  to  determine  the  ratios  to 
each  other  of  the  three  triangles  into 
which  the  given  triangle  is  divided. 

By  construction,  find  the  centre  of  the  circle  passmg  tfarouj^ 
A,  B,  C.    This  will  be  the  required  point. 

BYcalculation,thedistanceDA  =  DB  =  DC=:^?  x  BO  x  CA 
•^  4  X  areaABO 

The  three  small  triangles  will  be  to  each  other  as  the  sines  of  their 

angles  at  D ;  i.  e.  ADB  :  ADC  :  BDC  : :  sm.  ADB  :  sin.  ADC  : 

sin.  BDC.    These  angles  are  readily  found,  smce  the  sine  of  half 

of  each  of  them  equaJs  the  oppodte  side  divided  by  twice  one  of 

the  equal  distances. 
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(542)  By  tke  skortest  pMBikle  Uie.    Letitbe        Fig.  ssi. 
required  to  divide  the  triangle  ABC  by  the  ahorfr 
eet  possible  Ime,  DE,  into  two  parts,  which  shall 
be  to  each  other  ::m:n;  or  DBE  :  ABC  : :  m 
:  m  +  n. 

From  the  smallest  angle,  B,  of  the  triangle, 
measure  along  the  sides,  BA  and  BC,  a  distance 

BD  =  BB=y(^xABxBc).    DEisAe 

Ime  required.    It  is  perpendicular  to  the  line  BF  which  bisecii 

the  angle  ABC;  anditis  =  £:^7(;j^ 

DIVISION    OF  RECTANGLES.  ' 

(548)  By  lines  parallel  to  a  sMe.  Divide  two  opposite  sides 
faito  the  required  number  of  parts,  either  equal  or  in  any  ^ven 
ratio  to  each  other,  and  the  lines  joining  the  pomts  of  division  will 
be  the  lines  desired. 

The  same  method  is  applicable  to  any  parallelogram. 

JExai7y[>le.  A  rectangular  field 
ABCD,  measuring  15.00  chains 
by  8.00,  is  bought  by  three  men, 
who  pay  respectively  $800,  $400 
and  $500.  It  is  to  be  divided 
among  them  m  that  proportion. 
Am.  The  portion  of  the  first, 
AEE'B,  is  obtamed  by  making  the  proportion  300  +  400  +  500  : 
800  : :  15.00  :  AE  >==  8,75.  EF  is  in  like  manner  found  to  be 
6.00 ;  and  FD  =  6.25.  BE'  is  made  equal  to  AE;  ETf  to  EF; 
and  FC  to  PD.  Fences  finom  E  to  E',  and  from  F  to  F,  wiD 
divide  the  land  as  required. 

The  scale  of  the  figure  is  10  chams  to  1  mch  =  1 :  7920. 
'  The  other  modes  of  dividing  up  rectangles  wiU  be  ^ven  under 
the  head  of  '<  Quadrilaterals,"  Art.  (548),  &c. 


JS 

I 

Fig.  382. 

A 

£ 

J 

-  B 
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DIVISION   OF   TRAPEZOIDS. 

(544)  By  liaes  parallel  to  the  bases.    Giren  the  bases 
third  side  of  the  trape2soid,  ABCD,  to  be  Fig.  3S3. 

divided  into  two  parts,  such  that  BCFE : 
EEDA  : :  m  :.  n. 

The  length  of  the  desired  dividing  line^ 

•BC) 

Example.  Let  AD  =:  30  chains ;  BC  = 
20  chs. ;  and  AB  =  54^  chs. ;  and  the  parts 
to  be  as  1  to  2;  required  EF  and  BE. 
Ant.    EF  =  28.80 ;  and  BE  =  20.66. 

The  figure  is  on  a  scale  of  30  chains  to  1 
inch  =  1:23760. 


The  distance  BE=:^^-& 
AD- 


(515)  Given  the  bases  of  a  trapezoid,  and  the  perpendicular 
distance,  BH,  between  them ;  it  is  required  to  divide  it  as  before, 
and  to  find  EF,  and  the  altitude,  £G,  of  one  of  the  parts.    Let 

BCFE  :  EFDA  ximm.    Then BG  =  - 


BCxBH 


^/[J 


m 


2  X  ABOD  X  BH 


AD— BO 
rBO  X  BH\ 


-m  +  n 
EP  =  BO  +  BGx 


/BOx_BH\a-| 
■\AD  — BC/  J' 


AD  — BC 
AD  — BO 
~BH 
Let  AD  =  80.00 ;  BC  =  20.00 ;  BH  =  64.00 ; 
and  the  two  parts  to  be  to  each  other  : :  46  :  89. 

The  above  data  give  the  content  of  ABGD=sl850  square 
chains.  Substituting  these  numbers  in  the  above  formula,  we  obtain 
BG  =  20.96,  and  EF  =±=  28.88. 


(546)  By  Ilaes  starting  from  points  In  a  sMoi  To  divide  a 
trapezoid  into  parts  equivalent,  or  having  any  ratios,  divide  its 
parallel  sides  in  the  same  ratios,  and  join  the  corresponding  points. 
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Fig.  3S4. 
R       E  K        G 


If  it  be  alflo  required  that  the  diyision  liQes  shall  start  firom 
ffiven  points  on  a  nde,  proceed 
flius.  Let  it  be  required  to 
divide  the  trapezoid  ABCD 
into  three  equivalent  parts  by 
fences  starting  from  P  and  Q 
Divide  the  trapezoid,  as  above 

directed,  into  three  equivalent    A- p       p       ^      ^ 

trapezoids  by  the  lines  EF  and  GH.    These  three  trapezoids  mu 
now  be  transformed,  thus.    Join  EP,  and  from  F  draw  FB  paral 
lei  to  it.    Join  PR,  and  it  will  be  one  of  the  division  lines  required. 

The  other  division  line,  QS,  is  obtained  similarly. 

(ff47)  Other  caseSt  For  other  oases  cf  dividing  trapezoids, 
apply  those  for  quadrilaterals  in  general,  g^ven  in  the  following 
articles.* 

DIVISION   OF   QUADRILATERALS. 

(548)  By  lines  iiarallel  to  a  sMe.  Let  ABCD  be  a  quadrila 
teral  which  it  is  required  to 
divide,  by  a  line  EF,  paral- 
lel to  AD,  into  two  parts, 
BEFC  and  EFDA,  which 
shall  be  to  each  other  as 
m :  n.  Prolong  AB  and  CD 
to  intersect  in  G.  Let  a  be 
the  area  of  the  triangle 
ADG,  obtained  by  any  me- 
thod, graphical  or  trigono- 
metrical, and  a'  =  the  area  ^^  b'  h  or 
of  the  tiiangle  BGG,  obtained  by  subtracting  the  area  of  the  given 
quadrilateral  from  that  of  the  triangle  ADG.    Then  GE  =  GH 

Having  measured  this  length  of  GE  firom  G  on 


V\(jn  +  n)ar 


GH,  set  off  at  E  a  perpendicular  to  GE,  and  it  will  be  the  required 
line  of  division. 

*  If  a  line  be  drawn  joining  ihe  middle  points  of  the  parallel  iMses  of  a  trape- 
soid,  any  line  drawn  through  the  middle  of  the  first  line,  and  meeting  the  panl- 
lel  bases^  will  diyide  the  trapesoid  into  two  eqairalent  parta 
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Otherwise,  take  GE  =  GA./(^!^Jl'^)  ;  and  from  E  run 

a  parallel  to  AD. 
If  the  iYTO  parts  of  the  quadrilateral  were  to  be  equivalent,  m  =n, 

and  we  have  GK  =  GH    //^li^l ;  and  consequently  GE  to 

GA  in  the  same  ratio. 

JSxample.  Let  a  quadrilateral,  ABCD,  be  required  to  be  thus 
divided,  and  let  its  angles,  £  and  C,  be  given  by  rectangular  co-ordi- 
nates, viz :  AB'  =  6.00 ;  B'B  =  9.00 ;  DC  =  8.00 ;  C'C  =  18.00 ; 
B'C  =  24.00.  Here  GH  is  readfly  found  to  be  29.64 ;  ADG  = 
568.16  square  chains ;  and  EGO  =:  220.16  square  chains.  Hence, 
by  the  formula,  GK  =  24.72 ;  whence  KH  =  GH  —  GK  =  4.92 ; 
and  the  abscissas  for  the  points  E  and  F  can  be  obtained  by  a 
simple  proportion. 

The  seale  of  the  figure  is  20  chains  to  1  inch  =  1 :  15840. 

If  the  quadrilateral  be  g^ven  by  Bearings,  part  off  the  desired 

area  =  — ^—  .  ABCD,  by  the  formulas  of  Art.  (504). 

Suppose  now  that  a  quad-  Fig.  386. 

rilateral,  ABCD,  is  to  be  di- 
vided into  p  equivalent  parts, 
by  lines  parallel  to  AD. 
Measure,  or  calculate  by  Tri- 
gonometry, AG.  Let  Qbe' 
the  quadrilateral  ABCD,  and, 
as  before,  oT  =  BCG.    Then 


GE=:AG^r-p     : 

QTS  =  AQJr'^^^\;  &c. 

^  (vtq  ) 

If  the  quadrilateral  be  g^ven  by  Bearing?,  part  off,  by  Art.  (Ml), 

1  2 

-  •  ABCD,  then  part  off  -  •  ABOD ;  kc;  so  in  any  similar  caae. 


868 


LATDIO  OUT  AHD  MTIDINO  VP  LAND,     [pistzz. 


(549)  By  Hies  perpeaiicnlar  to  a  sMe< 

quadrilateral  ifhich  is  to  be  divided,  by 
a  line  perpeBdicular  to  AD,  into  two 
parts  having  a  ratio  ^m:n.    By  hypo- 


Let  ABGD  be  a 

Fig.  387. 


diesis,  ABEF  = 


ABCD. 


m  +  n  

Taking  away  the  triangle  ABG,  the  ^  ^ 
remainder,  GBEF,  will  be  to  the  rest  of  the  figure  in  a  known 
ratio,  and  the  position  of  EF,  parallel  to  BG,  will  be  found  as  in 
the  last  article. 


(5M)  By  liaes  naBltg  Ii  aay  glTOii  ilroclioa.    To  divide 
a  quadrilateral  ABGD  into  two  parts  : :  m  :  n,  part  off  from  it  an 

area  =  -^  .  ABCD,  by  the  methods  of  Arts.  (509)  or  (5W), 

if  the  area  parted  off  is  to  be  a  triangle,  or  Arts.  (511)  or  (512), 
if  the  area  parted  off  is  to  be  a  quadrilateral. 

(551)  By  Unes  startii^r  frm  an  angle.     ABCD  is  to  be 
divided,  by  the  line  CE,  into  two 
parts  having  the  ratio  m  :  n. 
Since  the  area  of  the  triangle 

CDE  = -.^!!— .  ABCD,  DE  will 

m  +  n 

be  obtamed  by  dividing  this  area 
by  half  of  the  altitude  CF. 


Fig.  388. 


(552)  By  lines  starting  ft*om  points  in  a  slie.     Let  it  bo 

required  to  divide  ABCD  into  two  Fig.  389. 

parts  : :  m  :  n,  by  a  line  starting  from 
the  point  E.    The  area  ABFE  is 


known,  (being  = 


m 


.ABCD)  as 


m  +  n 
also  ABE;  AB,  BE,  and  EA  be-    -  ^^ 

ing  given  on  the  ground.    BEF  will  then  be  known  =  ABFE — 

ABE.     Then  GF  =  ^^,  and  the  point  F  is  obtained  by  running 

a  parallel  to  BE,  at  a  perpendicular  distance  from  it  =  GF. 


m.] 


tt» 


To  divide  a  qaadnlatena,  ABCD, 
gn^cally,  ioto  two  eqmvaUmt  parts 
by  a  fine  from  a  point,  E,  on  a 
nde,  proceed  thus.  Draw  the  diago- 
nal CA,  and  from  B  diaw  a  paraUel 
to  it,  meetmg  DA  prolonged  in  F. 
Mark  the  middle  point,  G,  of  FD.    -  ^i^    ^ 

JoinGE.  From  C  draw  a  parallel  to  EG,  meeting  DA  in  H.  EH 
18  the  required  line.  The  qoadrilateral  could  also  be  divided  in 
any  ratio  ==  m  :  n,  by  dividing  FD  in  that  ratio. 

If  the  qoadrilateral  be  ^ven  by  Bearings,  proceed  to  part  off 
the  desired  area,  as  in  Art  (515}  or  (51C}« 

(553)  Let  it  be  roqniied  to  divide  a  qnadrilatoral,  ABCD,  into 
three    equivalent    parts.  Fig.  391. 

From  any  angle,  as  C, 
draw  CE,  parallel  to  DA. 
Divide  AD  and  EO,  each 
into  three  equal  parts,  at 

F,  F,  and  G,  G'.  Draw 
BP,  BF.    From  G  draw 

GH,  parallel  to  FB,  and      

from  G'  draw  G'H',  pa-   ^  '  f ' 

rallel  to  F'B.    FH  and  FH'  are  the  required  lines  of  division. 

Let  it  be  required  to'make  Fig.  392. 

the  above  division  by  Unee 
etcarting  from  two  given 
pomtBj  P  and  Q.  Reduce 
the  quadrilateral  to  an  equi- 
valent triangle  CBE,  as  in 
Art.  (87).  Divide  EB  into 
three  equal  parts  at  F  and 

G.  Join  CQ,  and,  from  G, 
draw  GK  parallel  to  it.    Join  CP,  and  from  F  draw  FL  parallel 
to  it.    Join  PL  and  QK,  and  they  will  be  the  division  lines  required. 

(551)  By  lines  passing  tkroagh  a  point  wlthla  the  liffire* 

Proceed  to  part  off  the  desired  area  as  in  Arts.  (519),  (520)9  0' 
(521)9  according  to  the  circumstances  of  the  case. 
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DIVISION   OF  POLYGONS. 

(SU)  By  liBM  ruitair  in  nj  ilrectioa.  Let  ABCDEFG  U 
a  giyen  polygon,  and  BH  the  di- 
rection parallel  to  which  is  to  be 
drawn  a  line  PQ,  dividing  the 
polygon  into  two  parts  in  any  de- 
sired ratio  =s  m  :  n.    The  area 


PCDEQ  = 


m 


ABCDEFG. 


m  +  n 
Taking  it  from  the  area  BGDEH, 
the  remamder  will  be  the  area 
BPQH.  The  quadrilateral 
BCEHy  CE  being  supposed  to  be  drawn,  can  then  be  divided  by 
the  method  of  Art.  (f48),  into  two  parts,  BPQH  and  PQEG, 
having  to  each  other  a  known  relation. 

If  DE  were  the  ^ven  direction,  at  right  angles  to  the  former, 
the  position  of  a  divi<Ung  line  BS  could  be  mmilarly  obtained. 


(5M)  By  Hues  startfng  firoiii  u  aiiglet 

Fig.  394. 


Produce  one  mde,  AB, 


of  the  given  polygon,  both  ways,  and  reduce  the  polygon  to  a  single 
equivalent  triangle,  XTZ,  by  the  method  of  Art.  (82).  Then 
divide  the  base,  XY,  in  the  reqmred  ratio,  as  at  W,  and  draw 
ZW,  which  will  be  the  division  line  desired.  In  this  figure  the 
polygon  is  divided  into  two  equivalent  parts. 


m.] 


DMdiif  ip  Laii. 
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If  Hie  dinsion  line  should  pass  outside  of  the  polygon,  as  does 
ZPj  through  P  draw  a  parallel  to  BZ,  meeiing  the  adjacent  side 
of  the  polygon  in  Q,  and  ZQ  will  be  the  division  line  desired. 


(S57)  By  Uaes  starting  from  a  polit  on  a  sMe. 
(517)  and  (518)  in  the  preceding  chapter. 


See  Articles 


(558)  By  liBes  passbig  throigh  a  point  within  tlie  flgnre* 

Part  off,  as  in  Arts.  (519)  or  (522)  in  the  preceding  chapter, 
if  a  straight  line  be  required ;  or  by  guess  lines  and  the  addition 
of  triangles,  as  in  Art.  (538)  of  this  chapter,  if  the  lines  have 
merely  to  start  from  the  point,  such  as  a  spring  or  well. 

(659)  Otiier  proUens*  The  following  is  from  Gummere's  Sur- 
yeying.  Question.  A  tract  of  land  is 
bounded  thus:  N.  85^  E.,  28.00 ;  N. 
TSi^  E.,  80.50 ;  S.  8jo  E.,  46.49 ;  N. 
66^0  W.,  49.64.  It  is  to  be  divided  into 
four  equivalent  parts  by  two  straight  lines, 
one  of  which  is  to  run  parallel  to  the  third 
side ;  required  the  distance  of  the  parallel 
division  Ime  from  the  first  comer,  mea- 
sured on  the  fourth  side ;  also  the  Bearing 
of  the  other  division  line,  and  its  distance  from  the  same  comer 
measured  on  the  first  side.  Ans.  Distance  of  the  parallel  divi- 
non  line  from  the  first  comer,  82.50 ;  the  Bearing  of  the  other, 
B.  88^  22'  E. ;  and  its  distance  from  the  same  comer  5.99. 

The  scale  of  the  figure  is  40  chains  to  1  inch  =  1 :  81680. 

An  indefinite  number  of  problems  on  this  subject  might  be  pro* 
posed,  but  they  would  be  matters  of  curiosity  rather  than  of  utility, 
and  exercises  in  Geometry  and  Trigonometry  rather  than  in  Sur- 
veying ;  and  the  youngest  student  will  find  his  life  too  short  for 
even  the  hastiest  survey  of  merely  the  most  fruitful  parts  of  the 
boundless  field  of  Mathematics. 
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PART  XII. 

THE  PUBLIC  LANDS 
.    OF  THE   UNITED  STATES/ 

(580)  General  system.  The  Public  Lands  of  the  United  States 
of  America  are  generally  divided  and  laid  out  into  squares,  the 
sides  of  ^hich  run  truly  North  and  South,  or  East  and  West. 

This  is  effected  by  means  of  Meridian  lines  and  Parallels  of  Lati- 
tude, established  six  miles  apart.  The  principal  meridians  and  base 
lines  are  established  astronomically,  and  the  intermediate  ones  are 
run  with  cham  and  eompass.  The  squares  thus  formed  are  called 
Townships.  They  contain  36  square  utiles,  or  23040  acres,  "  as 
nearly  as  may  be."  The  map  on  the  opposite  page  represents  a 
portion  of  the  Territory  of  Oregon  thus  laid  out.  The  scale  is  10 
miles  to  1  inch  =  1 :  633600.  On  it  will  be  seen  the  "Willamette 
Meridian,"  running  truly  North  and  South,  and  a  "  Base  line," 
which  is  a  "  Parallel  of  Latitude,"  running  truly  East  and  West. 
Parallel  to  these,  and  six  miles  from  them,  are  other  lines,  forming 
Townships.  All  the  Townships,  situated  North  or  South  of  each 
other,  form  a  Bangb.  The  Ranges  are  named  by  their  number 
East  or  West  of  the  principal  Meridian.  Li  the  figure  are  seen 
three  Ranges  East  and  West  of  the  Willamette  Meridian.  They  are 
noted  as  R.  I.  E.,  R.  I.  W.,  &c.  The  Townships  in  each  Range 
are  named  by  their  number  North  or  South  of  the  Base  line.    In 


*  The  tobstance  of  this  Part  is  mainly  taken  from  '*  Instractions  to  the  Surveyor 

ft>r  Field  Operations,"  prepa 
1851,  by  John  M.  Moore,  **  Principal  Clerk  «f  Snrveya,"  by  airection  of  Hon. 


Creneral  of  Oregon,  being  a  Manual  h>r  Field  Operations,"  prepared,  in  March, 


J.  Butterfield,  **  Commissioner  of  the  General  Land  Office,*'  and  communicated  to 
the  author  by  Hon.  John  Wilson,  the  present  Commissioner.  The  aim  of  (ho 
**  Instructions"  is  stated  to  be  "  simplicity,  uniformity  and  permanency."  They 
•eem  admirably  adapted  for  these  objects,  and  the  lasting  importance  of  the  subject 
in  this  country  has  fed  the  author  to  reoroduce  about  half  of  them^  in  this  place. 
They  were  subsequently  directed  to  oe  adopted  for  the  Surveying  service  in 
Minnesota  and  California.  ^ 
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the  iBgare  along  tiie  principal  Meridian  are  seen  four  Nortb 
and  five  South  of  the  Base  line.  They  are  noted  as  T.  1  N., 
T.  2  N.,  T.  1  S.,  &c.* 

Each  Township  is  divided  into  86  Seo- 
TIONS,  each  1  mile  square,  and  therefore 
containing,  ^^  as  nearly  as  may  be,"  640 
acres.  The  sections  in  each  Township  are 
numbered,  as  in  the  margin,  from  1  to  86, 
beginning  at  the  Norih-eaflt  angle  of  the 
Township,  and  going  West  from  1  to  6, 
then  East  from  7  to  12,  and  so  on  alter- 
nately to  Section  86,  which  will  be  m  the  South-east  angle  of  the 
Township.  The  Sections  are  sub-divided  into  Quarter^ections, 
half-a-mile  square,  and  containing  160  acres,  and  sometimes  into  half- 
quarter-sections  of  80  acres,  and  quarter-quarter-sections  of  40  acres. 

By  this  beautiful  system,  the  smallest  subdivision  of  land  can  be 
at  once  designated ;  such  as  the  North-eaflt  quarter  of  Section  81, 
in  Township  two  South,  in  range  two  East  of  Willamette  Meridian. 


6^ 
l_ 
18 
19 
SO 
81 


"S" 


(Ml)  Dlfflcnlty.  ^^The  law  requires  that  the  lines  of  the 
public  surveys  shall  be  governed  by  the  true  meridian,  and  that 
the  townships  shall  be  six  miles  square j — two  things  involving  in 
connection  a  m&thematical  impossibility — for,  strictiy  to  conform 
to  the  meridian,  necessarily  throws  the  township  out  of  square,  by 
reason  of  the  convergevicy  of  meridians;  hence,  adhering  to  the 
true  meridian  renders  it  necessary  to  depart  from  the  strict  require- 
ments of  law  as  respects  the  precise  area  of  townships,  and  the 
subdivisional  parts  thereof,  the  township  assuming  something  of  a 
trapezoidal  form,  which  inequality  developes  itself,  more  and  more 
as  such,  the  higher  the  latitude  of  the  surveys.  In  view  of  these 
circumstances,  the  law  provides  that  the  sections  of  a  nule>  square 
shall  contain  the  quantity  of  640  acres,  as  nearly  as  may  be;  and, 
moreover,  provides  that  ^  In-  all  cases  where  the  exterior  lines  of 
the  townships,  thus  to  be  subdivided  into  sections  or  half-sectionS| 
shall  exceed,  or  shall  not  extend,  six  miles,  the  excess  or  deficiency 


^The  marks  O,  -(-  and  A  ,  merely  rwfer  to  the  datei  of  the  rarreyi.    They  an 
^mes  nfed  to  point  oat  kodi  offered  for  lale,  or  reienred,  ^Eec. 
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shall  be  specially  noted,  and  added  to  or  deducted  from  the  western 
or  northern  ranges  of  sectionB  or  half-sections  in  such  township, 
according  as  the  error  maj  be  in  running  the  lines  firom  east  to 
west,  or  from  south  to  north/  " 

^^  In  order  to  throw  the  excesses  or  deficiencies,  as  the  case  may 
be,  on  the  north  and  on  the  west  ades  of  a  township,  accordmg  to 
law,  it  is  necessary  to  survey  the  section  lines  from  south  to  north 
on  a  true  meridian,  leaving  the  result  in  the  northern  line  of  die 
township  to  be  governed  by  the  convejdiy  of  the  earth  and  the 
convergency  of  meridians." 

Thus,  suppose  the  land  to  be  surveyed  lies  between  46^  and  47^ 
of  North  L)Ettitude.  The  length  of  a  degree  of  Longitude  in  Lat. 
46^  N.  is  taken  as  48.0705  statute  miles,  and  m  Lat.  47^  N.  as 
47.1944.  The  difference,  or  convergency  per  square  de^e  = 
0.8761  =  70.08  chains.  The  convergency  per  Range  (8  per 
degree  of  Longitude)  equals  one-eighth  of  this,  or  8.76  chains ; 
and  per  Township  (11^  per  degree  of  Latitude)  equals  the  above 
divided  by  11^,  i.  e.  0.76  chain.  We  therefore  know  that  the 
width  of  the  Townships  along  their  Northern  line  is  76  links  less 
than  on  their  Southern  line.  The  townships  North  of  the  base  line 
therefore  become  nairower  and  narrower  than  the  six  mile  width 
with  which  they  start,  by  that  amount ;  and  those  South  of  it  as 
much  wider  than  six  miles. 

"  Standabd  PAKALLiBiLS  (usually  called  correction  lines')  y  are 
established  at  stated  intervals  (24  or  SO  miles)  to  provide  for  or 
counteract  the  ei-ror  that  otherwise  would  result  from  the  conver- 
gency of  meridians ;  and,  because  the  public  surveys  have  to  be 
governed  by  the  true  meridian,  such  lines  serve  also  to  arrest  error 
arismg  from  inaccuracies  in  measurements.  Such  lines,  when  lying 
north  of  the  principal  base,  themselves  constitute  a  base  to  the  sur- 
veys on  the  north  of  them ;  and  where  lying  south  of  the  prin- 
cipal base,  they  constitute  the  base  for  the  surveys  south  of  them." 

The  convergency  or  divergency  above  noticed  is  taken  up  on 
these  Correction  lines,  from  which  the  townships  start  again  with 
their  proper  widths.  On  these  therefore  there  are  found  Douhls 
ComerSy  both  for  Townships  and  Sections,  one  set  being  the 
Closing  Comers  of  the  surveys  ending  there,  and  the  other  set 
^^eing  the  Standard  Comers  for  the  surveys  starting  there. 
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(M2)  Bnninir  Townsklp  lives.  ^'  The  principal  meridian,  Uie 
base  line,  and  the  standard  parallels  having  been  first  astrononu- 
eallj  ran,  measured,  and  marked,  according  to  instractions,  on  tnie 
meridians,  and  trae  parallels  of  latitude,  the  process  of  running, 
measuring,  and  marking  the  exterior  lines  of  townships  will  be  as 
follows. 

TotvnsMpa  situated  north  of  the  haee  Une^  and  west  of  the 
principal  meridian^  Commence  at  No.  1,  being  the  southwest 
corner  of  T.  1  N. — R.  1  W.,  as  established  on  the  base  line; 
thence  run  north,  on  a  trae  meridian  line,  four  hundred  and  eighty 
chains,  establishing  the  mile  and  half-mile  coraers  thereon,  as  per 
instractions,  to  No.  2,  (the  northwest  comer  of  the  same  township), 
whereat  establish  the  corner  of  Tps.  1  and  2  N. — Bs.  1  and  2 
W. ;  thence  ea9ty  on  a  random  or  trial  line,  setting  temporary  mile 
and  half-mile  stakes  to  No.  3,  (the  northeast  corner  of  the  same 
township),  where  measure  and  note  the  distance  at  which  the 
Ime  intersects  the  eastern  boundary,  north  or  south  of  the  true 
or  established  coraer.  Bun  and  measure  westward^  on  the  trae 
line,  (taking  care  to  note  all  the  land  and  water  crossings,  &c.,  as 
per  mstruotions),  to  No.  4,  which  is  identical  with  No.  2,  establiah- 
mg  the  mile  and  half-mile  permanent  corners  on  said  line,  the 
last  half-mile  of  which  will  fall  short  of  being  forty  chains,  by  about 
the  amount  of  the  calculated  convergency  per  township,  76  links 
in  the  case  above  supposed.  Should  it  ever  happen,  however,  that 
such  random  line  materially  £biUs  short,  or  overruns  in  lengtii,  or 
intersects  the  eastern  boundary  of  the  township  at  any  considerable 
distance  from  the  true  coraer  thereon,  (either  of  which  would  indi- 
cate an  important  error  in  the  surveying),  the  lines  must  be  retraced, 
even  if  found  necessary  to  remeasure  the  meridional  boundaries  of 
the  township  (especiaUy  the  westera  boundary),  so  as  to  discover 
and  correct  the  error ;  in  doing  which,  the  true  comers  must  be 
established  and  marked,  and  the  false  ones  destroyed  and  oblite- 
rated, to  prevent  confusion  in  future ;  and  M  the  facts  must  be 
distinctly  set  forth  in  the  notes.  Thence  proceed  in  a  similar 
manner  north,  from  No.  4  to  No.  6,  (the  N.  W.  coraer  of  T.  2  N. 
~R.  1  W.),  east  from  No.  6  to  No.  6,  (the  N.  E.  coraer  of  the 
same  township),  west  from  No.  6  to  No.  7,  (the  same  as  No.  6), 
north  from  No.  7  to  No.  8,  (the  N.  W.  coraer  of  T.  3  N.,  R.  1 W.), 
east  from  No.  8  to  No.  9,  (the  N.  E.  coraer  of  same  township),  and 
thence  west  to  No.  10,  (the  same  as  No.  8),  or  the  southwest  coraer 
T.  4  N. — R.  1  W.  Thence  north,  still  on  a  trae  meridian  line, 
establishing  the  mile  and  half-mile  coraers,  until  reaching  the 
STANDARD  PARALLEL  or  Correction  line,  (which  is  here  four  town- 

*  The  Sonreyor  should  prepare  a  diagram  of  the  townshipa,  with  the  namben 
here  referred  to,  in  their  proper  places,  as  here  indicated 
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ahips  north  of  the  base  Ime);  throwing  the  exees$  orer,  or  deficiency 
under,  four  hundred  and  eighty  chains^  on  the  last  half-mile, 
accordmg  to  law,  and  at  the  intersection  establishing  the  ^'  CLOSiNe 
OOBNER,"  the  distance  of  which  frcm  the  standard  comer  most  be 
measured  and  noted  as  required  by  the  instructions.  But  should 
it  ever  so  happen  that  some  impassable  barrier  will  have  prevented 
or  delayed  the  extension  of  the  standard  parallel  along  and  aboye 
the  field  of  present  survey,  then  the  surveyor  will  plant,  in  place, 
the  comer  for  the  township,  subject  to  correction  thereafter,  should 
Buch  parallel  be  extended. 

Townships  situated  nobth  of  the  base  line^  and  east  of  the 
principal  meridian.  Commence  at  No.  1,  being  die  southeast 
comer  of  T.  1  N. — R.  1  E.,  and  proceed  as  with  townships  situa- 
ted ^^  north  and  west,"  except  that  the  random  or  trial  lines  will  be 
run  and  measured  west,  and  the  true  Imes,  east,  throwing  the 
excess  over  or  deficiency  under  four  hundred  and  eighty  chaifis  on 
the  west  end  of  the  line,  as  required  by  law ;  wherefore,  the  sur^ 
yeyor  will  commence  his  measurement  with  the  length  of  the  defi- 
cient or  excessive  half-section  boundary  on  the  west  of  the  town- 
ship, and  thus  the  remainmg  measurements  will  all  be  even  miles 
and  half-miles. 

Totvnships  situated  south  of  the  base  line,  and  west  of  the 
principal  meridian.  Commence  at  No.  1,  the  northwest  comer 
of  township  1  S.,  range  1  W*,  and  proceed  due  south  ib  running 
and  measuring  line,  establishing  and  marking  the  mile,  half-mile, 
and  township  comers  thereon,  precisely  in  the  method  prescribed 
for  running  noeth  and  west,  with  the  exception  that,  in  order 
to  .throw  the  excess  or  deficiency  (over  or  under  four  hundred  and 
eighty  chains)  of  the  western  boundaries  of  such  of  those  townships 
as  close  on  the  standard  parallel  on  the  south,  upon  the  most 
northern  half-^nile  of  the  townships,  according  to  law,  the  proceed- 
ing will  be  as  follows. 

The  westem  (meridional)  boundary  line  of  every  township, 
closing  on  the  standard  parallel^  (being  every  fifth  one  in  this 
case),  will  be  carefully  mn  south,  on  a  tme  meridian,  until  it  inter- 
sects the  standard,  planting  stakes  and  making  distinctive  marks 
on  line  trees,  in  sufficient  number  to  serve  as  guides  in  afterwards 
retracing  the  line  north  with  ease  and  certainty.  At  the  point  of 
the  line's  intersection  of  the  standard,  the  surveyor  will  establish 
the  "  closing^^  (southwest)  comer  of  the  township,  noting  in  his 
field-book  its  distance  and  direction  from  the  "  standard  comer." 
Then  starting  from  such  "  closing  comer,"  he  will  proceed  north 
on  the  line  identified  by  the  guide  stakes  and  marks,  measuring 
such  line,  and  establishing  thereon  the  mile  and  half-mile  stations, 
and  noting,  as  he  goes,  aU  the  land  and  water  crossings,  &c. 
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Toumships  ntuated  south  of  the  base  Kne^  and  bast  of  Ae 
ffincipal  meridian.  Commence  at  No.  1,  at  the  northeast  comer 
of  township  1  S.,  range  1  E.,  and  proceed  precisely  as  with  the 
townships  situated  ^^soudi  and  west/'  except  that  the  random 
Imes  will  be  run  and  measured  weet^  and  the  true  lines  east;  the 
deficiency  or  excess  of  the  measurements  being,  as  in  all  other 
cases,  thrown  upon  the  most  western  half-mile  of  line." 

C56S)  Rumiog  Secttra  lines*  The  interior  or  sectional  lines 
of  all  townships,  howeyer  situated  in  reference  to  the  Bass  and 
Mbbidiak  lines,  are  laid  off  and  surveyed  as  below. 
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In  the  above  Diagram,  the  squares  and  large  figures  repre- 
sent sections,  and  the  small  figures  at  their  comers  are  those 
referred  to  in  the  following  directions. 

"  Commence  at  No.  1,  (see  %maU  figures  on  diagram),  the  cor- 
ner established  on  the  township  boundwy  for  sections  1, 2, 86,  and 
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86 ;  ihence  fan  fwrih  (m  a  trae  meridian ;  at  40  chains  setting 
tbe  half-mile  or  quarter-section  post,  and  at  80  chains  (No.  2) 
establishing  and  marking  the  comer  of  sections  25, 26, 35,  and  86. 
Thence  ea«^,  on  a  random  line,  to  No.  8,  setting  the  temporary 
qnartep^ection  post  at  40  chains,  noting  the  measurement  to  No.  8, 
and  the  measured  distance  of  the  random's  intersection  north  or 
%ouih  of  the  true  or  established  corner  of  sections  25,  86,  30,  and 
81,  on  the  township  boundary.  Thence  correct^  tvestj  on  the  true 
line  to  No.  4,  settmg  the  quarter^section  post  on  this  line  exactiy 
at  the  equidistant  pointy  now  known,  between  the  section  comers 
indicated  by  the  small  figures  Nos.  3  .and  4.  Proceed,  in  IDce 
manner,  from  No.  4  to  No.  5,  5  to  6,  6  to  7,  and  so  on  to  No.  16, 
the  comer  to  sections  1,  2, 11,  and  12.  Thence  norths  on  a  ran- 
dom line,  to  No.  17,  setting  a  temporary  quarternsection  post  at  40 
chains,  noting  the  length  of  the  whole  line,  and  tiie  measured  dis- 
tance of  the  random's  intersection  east  or  west  of  the  trae  comer 
of  sections  1,  2, 35,  and  36,  established  on  the  township  boundary ; 
thence  southwardly  from  the  latter,  on  a  trae  line,  noting  tiie 
course  and  distance  to  No.  18,  the  established  comer  to  sections 
1,  2,  11,  and  12,  taking  care  to  establish  the  quarter-section 
comer  on  the  trae  line,  at  the  distance  of  40  chuns  from  said  sec- 
tion comer,  so  as  to  throw  the  excess  or  deficiency  on  the  northern 
half-mile,  according  to  law.  Proceed  in  like  manner  through  all 
the  intervening  tiers  of  sections  to  No.  73,  the  comer  to  sections 
81,  32,  5,  and  6 ;  thence  norths  on  a  trae  meridian  Ime,  to  No. 
74,  establishing  the  quarter-section  comer  at  40  chidns,  and  at  80 
chains  the  comer  to  sections  29,  SO,  31,  and  32 ;  thence  east^  on 
a  random  line  to  No.  75^^  setting  a  temporary  quarter-section  post 
at  40  chiuns,  noting  the  measurement  to  No.  75,  and  the  distance 
of  the  random's  intersection  north  or  south  of  the  established  comer 
of  sections  28,  29,  32,  and  33 ;  thence  west  from  said  comer,  on 
the  trae  line,  setting  the  quarter-section  post  at  the  equidistant 
pomt,  to  No.  76,  which  is  identical  with  74 ;  thence  west^  on  a 
random  line,  to  No.  77,  setting  a  temporary  quarter^ection  post 
at  40  chains,  noting  the  measurement  to  No.  77,  and  the  distance 
of  the  random's  intersection  with  the  westem  boundary,  rwrth  or 
sovih  of  the  established  comer  of  sections  25,  36, 30,  and  31 ;  and 
from  No.  77,  correct,  eastward^  on  the  trae  line,  giving  its  course^ 
but  establishing  the  quarter-section  post,  on  tins  line,  so  as  to 
'^  retain  the  distance  of  40  chains  from  the  comer  of  sections  29, 
SO,  81,  and  32 ;  thereby  throwing  the  excess  or  deficiency  of  meft- 
suroment  on  the  most  westem  half-mile.  Proceed  north,  m  a  simi- 
lar manner,  from  No.  78  to  79,  79  to  80,  80  to  81,  and  so  on  to 
96,  the  south-east  comer  of  section  6,  where  having  established  the 
comer  for  sections,  5,  6,  7,  and  8,  run  thence,  successively,  on 

24 
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random  line  eaH  to  95,  north  to  97,  and  toeH  to  99 ;  and  by 
reverse  courses  earreet  on  true  line*  back  to  said  saiOh-east  comer 
of  section  6,  establishing  the  quarteiHsection  comers,  and  noting 
the  courses,  distances,  &c.,  as  before  described. 

In  townships  contiguous  to  standard  parallels,  the  above  method 
will  be  varied  as  follows.    In  every  township  sotrra  of  the  princi- 

tal  base  line,  which  eloBes  on  a  standard  parallel,  the  surveyor  will 
egin  at  the  southrcast  comer  of  the  township,  and  measure  we$t  on 
the  standard,  establishing  thereon  the  mile  and  haff-^mile  comers, 
and  noting  their  distances  from  the  pre-established  comers.  He 
then  will  proceed  to  subdivide,  as  directed  under  the  above  head. 
In  the  townships  NORTS  of  the  principal  base  line,  which  close 
on  the  standard  parallel,  the  sectional  lines  must  be  closed  on  the 
standard  by  true  meridians,  instead  of  bv  course  lines,  as  directed 
under  the  above  head  for  townships  otherwise  situated ;  and  the 
connexions  of  the  closing  comers  with  the  pre-established  standard 
comers  are  to  be  ascertiuned  and  noted.  Such  procedure  does 
away  with  any  necessity  for  running  the  randoms.  But  in  case 
he  is  unable  to  close  the  lines  on  account  of  the  standard  not  hav- 
ing been  mn,  from  some  inevitable  necessity,  as  heretofore  men- 
tiond,  he  will  plant  a  temporary  stake,  or  mound,  at  the  end  of  the 
eixth  nule,  thus  leaving  the  lines  and  their  connexions  to  be  finished, 
and  the  permanent  comers  to  be  planted,  at  such  timo  as  the 
standard  shall  be  extended." 

(M4)  ExceptfOMl  BetliodSt  Departures  from  the  general  sys- 
tem of  subdividing  public  lands  have  been  authorized  by  law  in 
certain  cases,  particularly  on  water-fronts. 

Thus,  an  act  of  Congress,  March  8, 1811,  authorized  the  sur- 
veyors of  Lousiana,  ^^  in  surveying  and  dividing  such  of  the  pub- 
lic lands  in  the  said  territory,  which  are  or  may  be  authorized 
to  be  surveyed  and  divided,  as  are  adjacent  to  any  river,  lake, 
creek,  bayou,  or  water  course,  to  lay  out  the  same  into  tracts,  as 
fieir  as  practicable,  of  fifty-eight  poles  in  front,  and  four  hundred 
and  sixty-five  poles  in  depth,  of  such  shape,  and  bounded  by  such 
lines,  as  the  nature  of  the  country  will  render  practicable  and  most 
convenient."  Another  act,  of  May  24,  1824,  authorizes  lands 
similarly  situated  ^^  to  be  surveyed  in  tracts  of  two  acres  in  width, 
frontmg  on  any  river,  bayou,  lake,  or  water  course,  and  running 
back  the  depth  of  forty  acres ;  which  tracts  of  land,  so  surveyed, 
shall  be  offered  for  sale  entire,  instead  of  in  half-quartei^sections." 

The  ^*  Instractions"  from  which  we  have  quoted  say,  ^^  In  those 
localities  where  it  would  best  subserve  the  interests  of  the  people 
to  have  fronts  on  the  navigable  streams,  and  to  run  back  into  the 
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uplands  for  qoaatitj  and  timber,  the  principles  of  the  act  of  Maj 
24thy  1824,  may  be  adopted,  and  yoa  are  authorized  to  enlarge  the 
quantity,  so  as  to  embrace  four  acres  front  by  forty  in  depth,  form 
ing  tracts  of  one  hnndred  and  sixty  acres.  &at  in  so  doing  it  is 
designed  only  to  soryey  the  lines  Mween  every  four  bte,  (or  640 
acres),  bat  to  establish  the  bonndary  posts,  or  momids,  m  fratU 
and  m  rear^  at  the  distances  requisite  to  secure  the  quantity  of  160 
acres  to  each  lot,  either  rectangularly,  when  practicable,  or  at 
oblique  angles,  when  otherwise.  The  angle  is  not  important,  so 
that  the  principle  be  maintained,  as  Sbut  as  practicable,  of  making 
the  woric  to  square  in  the  rear  vrith  the  regdar  sectioning. 

The  numbering  of  all  anomalous  lots  will  commence  with  No.  87, 
to  ayoid  the  possibility  of  conflict  with  the  numbering  of  the  regular 
sections.'' 

The  act  of  Sept.  27, 1850,  authorized  the  Department,,  should 
it  deem  expedient,  to  cause  the  Oregon  suryeys  to  be  executed 
according  to  the  principles  of  what  is  called  the  '^Geodetic  Method.'' 
The  complete  adoption  of  this  has  not  been  thought  to  be 
expedient ;  but  '^  it  was  deemed  useful  to  institute  on  the  principal 
base  and  meridian  lines  of  the  public  suryeys  in  Oregon,  ordered 
to  be  established  by  the  act  referred  to,  a  system  of  triangulations 
from  Ihe  recognized  legal  stations,  to  all  prominent  objects  within 
the  range  of  the  theodolite ;  by  means  of  which  the  relatiye  dis- 
tances of  such  objects,  in  respect  to  those  main  lines,  and  also  to 
each  other,  might  be  obsenred,  calculated,  and  protracted,  with 
the  yiew  of  contributing  to  the  knowledge  of  the  topography  of  the 
country  in  adyance  of  tiie  progressing  Imear  suryeys,  and  to  obtain 
the  elements  for  estimating  areas  of  yalleys  intenrening  between 
the  spurs  of  the  mountains." 

^^  Meandering"  is  a  name  pyen  to  the  usual  mode  of  suryeying 
with  the  compass,  particulariy  as  applied  to  nayigable  streams. 
The  ^^  Instructions"  for  this  are,  in  part,  as  follows. 

"  Both  banks  of  navigable  riyers  are  to  be  meandered  by  taking 
the  courses  and  distances  of  their  smuosities,  and  the  same  are  to 
be  entered  in  the  ^Meander  field-book.'  At  those  pomts  where 
either  tiie  township  or  section  lines  intersect  the  banks  of  a  nayi- 
gable stream,  posts,  or,  where  necessary,  mounds  of  earth  or  sUmej 
(as  noted  in  Art.  (966,))  are  to  be  established  at  the  time  of 
running  these  lines.  These  are  called  ''  meander  comers ;"  and 
in  meandering  you  are  to  commence  at  one  of  those  comers  on  the 
township  line,  coursing  the  banks,  and  measuring  the  distance  of 
each  course  &om  your  commencing  comer  to  tiie  next  ^  meander 
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comer,'  upon  the  same  or  another  boundary  of  the  same  township ; 
carefully  noting  your  intersection  with  all  intermediate  meander 
comers.  By  the  same  method  you  are  to  meander  the  oppodte 
bank  of  the  same  river. 

The  crossing  distance  between  the  mbander  corners,  on  same 
line,  is  to  be  ascertained  by  triangulation,  in  order  that  the  met 
may  be  protracted  with  entire  accuracy.  The  particulars  to  be 
given  in  the  field-notes. 

The  courses  and  distances  on  meandered  navigable  streams, 
govern  the  calculations  wherefrom  are  ascertained  the  true  areas 
of  the  tracts  of  land  (sections,  quarter  sections,  &c.)  known  to  the 
law  9&  fraetionaly  and  bounding  on  such  streams." 

Tou  are  also  to  meander,  in  manner  aforesaid,  all  lake9  and 
deep  ponds  of  the  area  of  twenty-five  acres  and  upwards ;  also 
navigable  bayous. 

The  precise  relative  position  of  islands,  in  a  township  made 
fractional  by  the  river  in  which  the  same  are  situated,  is  to  be 
determined  trigonometrically.  Sighting  to  a  flag  or  other  fixed 
object  on  the  island,  from  a  special  and  carefully  measured  base 
line,  connected  with  the  surveyed  lines,  on  or  near  the  river  bank, 
you  are  to  form  connexion  between  the  meander  comers  on  the 
river  to  points  corresponding  thereto,  in  direct  line,  on  the  bank 
of  the  island,  and  there  establish  the  proper  meander  comerd,  and 
calculate  the  distance  across." 

(565)  Marktng  LlneSi  ^^All  lines  on  which  are  to  be  estab- 
lished the  legal  comer  boundaries,  are  to  be  marked  after  this 
method,  viz:  Those  trees  which  may  intercept  your  line,  must 
have  two  chops  or  notches  cut  on  each  side  of  them  without  any 
other  marks  whatever.  These  are  called  <  nght  trees^  or  ^  line  trees  J 

A  sufficient  number  of  other  trees  standing  nearest  to  your  line, 
on  either  side  of  it,  are  to  be  Hazed  on  two  sides,  diagonallj^  or 
quartering  towards  the  line,  in  order  to  render  the  line  conspicu- 
ous, and  readily  to  be  traced,  the  blazes  to  be  opposite  each  other, 
coinciding  in  airection  with  the  line  where  the  trees  stand  very 
near  it,  and  to  approach  nearer  each  other,  the  further  the  line 

£~sses  from  the  blazed  trees.     Due  care  must  ever  be  taken  to 
ve  the  lines  so  well  marked  as  to  be  readily  followed." 

(566)  Marking  Comers.  '^  After  a  tme  coursing,  and  most 
exact  measurements,  the  comer  boundary  is  the  consummation  of 
the  work,  for  which  all  the  previous  pains  and  expenditure  have 
been  incurred.  A  boundary  comer,  in  a  timbered  country,  is  to 
be  a  tree^  if  one  be  found  at  the  precise  spot ;  and  if  not,  a  po9t  is 
to  be  planted  thereat ;  and  the  position  of  the  comer  post  i^  to  be 
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indicated  by  trees  adjacent,  (called  Bearing  trees)  the  angular 
bearings  and  distances  of  which  from  the  comer  are  facts  to  be 
ascertained  and  registered  in  your  field  book. 

In  a  region  where  stone  abounds,  the  comer  boundary  will  be  a 
small  monument  of  stones  along  side  of  a  single  marked  stone,  for 
a  township  corner — and  a  single  stone  for  all  other  comers. 

In  a  region  where  timber  is  not  near,  nor  stone,  the  comer  will 
be  a  mound  of  earthy  of  prescribed  size,  va,ryii^g  to  suit  the  case. 

Comers  are  to  be  fixed,  for  township  boundaries  at  intervals  of 
every  six  miles ;  for  section  boundaries  at  intervals  of  every  mile, 
or  80  chains ;  and,  for  quarter  section  boundaries  at  intervals  of 
every  half  mile,  or  40  chains. 

Meander  Corner  Posts  are  to  be  planted  at  all  those  points 
where  the  township  or  section  lines  intersect  the  banks  of  such 
rivers,  lakes,  or  islands,  as  are  by  law  directed  to  be  meandered," 
as  explained  in  Art.  (561)  • 

When  posts  are  used,  their  length  and  size  must  be  propor- 
tioned to  the  importance  of  the  corner,  whether  township,  section, 
or  quarter-section,  the  first  being  at  least  24  inches  above  ground, 
and  S  inches  square. 

Where  a  township  post  is  a  comer  common  to  fovr  townships, 

N 

it  is  to  be  set  in  the  earth  diagonally^  thus :  w^E,  and  the  cardi- 

8 
nal  points  of  the  compass  are  to  be  indicated  thereon  by  a  cross 
Une,  or  wedge,  (one-eighth  of  an  inch  deep  at  least),  cut  or  sawed 
out  of  its  top,  as  in  the  figure.  On  each  surface  of  the  post  is  to 
be  marked  the  number  of  the  particular  township,  and  its  range, 
which  \t  faces.  Thus,  if  the  post  be  a  common  boundary  to  four 
townships,  say  one  and  two^  south  of  the  base  line,  of  range  one^ 
west  of  the  meridian  ;  also  to  townships  one  and  two^  south  of  the 
base  line,  of  range  twOy  west  of  the  meridian,  it  is  to  be  marked  thus : 


From  N.  to  E. 


from  N.  to  W. 


from  E.  to  S. 


from  W.  to  S. 


R. 

T. 


IW. 

IS. 
81 

2W. 

IS. 
36 

IW. 

2S. 

6 

2W. 

2S. 

1 


The  position  of  the  post  which 
is  here  taken  as  an  example,  is 
shewn  in  the  following  diagram. 


R.  2  W. 
T.  IS. 


36 


R. 
T. 


2W.' 

2S. 


R. 
T. 


IW- 
IS. 


31 


-<>- 


R. 
T. 


IW. 
2S. 
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These  marks  are  to  be  (^tinctly  and  neafly  chiselled  into  die 
wood,  at  least  the  eighth  of  an  inch  deep ;  and  to  be  also  marked 
with  red  ehalk.  The  number  of  the  sections  which  they  respeo- 
tiyely/a^^,  will  cdso  be  marked  on  the  township  post. 

Section  or  mile  posts,  being  comers  of  sections,  when  they  are 
common  to  four  sections,  are  to  be  set  diagonally  m  the  eardi, 
(in  the  manner  provided  for  township  comer  posts),  and  with  a 
simOar  cross  cut  in  the  top,  to  indicate  the  cardinal  points  of  the 
compass ;  and  on  each  side  of  the  squared  surfaces  is  to  be  marked 
the  appropriate  number  of  the  particular  one  of  the /our  sections j 
respectivelj,;v7hich  such  Ade  faces;  also  on  one  side  thereof  are  to 
be  marked  the  numbers  of  its  totonship  and  range;  and  to  make 
such  marks  yet  more  conspicuous,  (in  manner  aforesaid),  a  streak 
of  red  chalk  is  to  be  applied. 

In  the  case  of  an  isolated  township,  subdivided  into  thirty-6iz 
sections,  there  are  twenty-five  interior  sections,  the  south-west  cor- 
ner boundary  of  each  of  which  will  be  common  to  four  sections. 
On  all  the  extreme  sides  of  an  isolated  township,  the  outer  tiers  of 
sections  have  comers  common  only  to  two  sections  then  surveyed. 
The  posts,  however,  must  be  planted  precisely  like  the  former,  but 
presenting  two  vacant  surfaces  to  receive  tiie  appropriate  marks 
when  the  adjacent  survey  may  be  made. 

A  quarter-section  or  half-mile  post  is  to  have  no  other  mark  on 
it  than  ^  S.,  to  indicate  what  it  stands  for. 

Township  comer  posts  are  to  be  kotghei)  mth  six  notches  on 
each  of  the  four  angles  of  the  squared  part  set  to  the  cardinal 
points. 

All  mile  posts  on  township  lines  must  have  as  many  notches  on 
them,  on  two  opposite  angles  thereof,  as  they  are  miles  distant 
from  the  township  comers,  respectively.  Each  of  the  posts  at  the 
comers  of  sections  in  the  interior  of  a  township  must  indicate,  by 
a  number  of  notches  on  each  of  its  four  comers  directed  to  the 
cardinal  points,  the  corresponding  number  of  miles  that  it  stands 
from  the  outlines  of  the  township.  The  four  sides  of  the  post  will 
indicate  the  number  of  the  section  they  respectively /«(?«.  Should 
a  tree  be  found  at  the  place  of  any  comer,  it  will  be  marked  and 
notched,  as  aforesaid,  and  answer  for  the  corner  in  lieu  of  a  post; 
the  kind  of  tree  and  its  diameter  being  given  in  the  field-notes. 

The  position  of  all  comer  posts,  or  comer  trees  of  whatever 
description,  which  may  be  established,  is  to  be  perpetuated  in  the 
following  manner,  viz :  From  such  post  or  tree  the  courses  shall  be 
taken,  and  the  distances  measured,  to  two  or  more  adjacent  trees, 
in  opposite  directions,  as  nearly  as  may  be,  which  are  called 
^Beanng  trees^  and  are  to  be  blazed  near  the  ground,  with  a  large 
blaze  facing  the  post,  and  having  one  notch  in  it,  neatly  and  plainly 
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made  with  an  axe,  square  across,  and  a  little  below  the  middle  ot 
the  blaze.  The  kind  of  tree  and  the  diameter  of  each  are  facts  tc 
be  distinctly  set  forth  in  the  field-book. 

On  each  bearing  tree  the  letters  B.  T.,  must  be  distmctlv  cut 
into  the  wood,  in  the  blaze,  a  little  above  the  notch,  or  on  the  bark, 
with  the  number  of  the  range,  township,  and  section. 

At  all  township  comers,  and  at  all  section  comers,  on  range  or 
township  lines, /our  bearing  trees  are  to  be  marked  in  this  manner, 
one  in  each  of  the  adjoining  sections. 

At  interior  section  comers  four  trees,  one  to  stand  within  each 
of  the  four  sections  to  which  such  comer  is  common,  are  to  be 
marked  in  manner  aforesaid,  if  such  be  found. 

Fxom  quarter  section  and  meander  comers  two  bearing  trees 
are  to  be  marked,  one  within  each  of  the  adjoining  sections. 

Stones  at  township  corners  (a  small  monument  of  scones  being 
alongside  thereof)  must  have  9ix  notches  cut  with  a  pick  or  chisel 
on  each  edge  or  side  towards  the  cardinal  points ;  and  where  used 
as  section  comers  on  the  range  and  township  lines,  or  as  section 
comers  in  the  interior  of  a  township,  the^  wUl  also  be  notched  by 
a  pick  or  chisel,  to  correspond  with  the  directions  given  for  notch- 
ing posts  similarly  situated. 

Stones,  when  used  as  quarter-section  comers,  will  have  \  cut 
on  them ;  on  the  west  side  on  north  and  south  lines,  and  on  the 
north  side  on  east  and  west  lines. 

Wheuever  bearing  trees  are  not  found,  mounds  of  earth,  or 
stone,  are  to  be  raised  around  posts  on  wluch  the  comers  are  to 
be  marked  in  the  manner  aforesaid.  Wherever  a  mound  of  earth 
is  adopted,  the  same  will  present  a  conical  shape ;  but  at  its  base, 
on  the  earth's  surface,  a  quadrangular  trench  will  be  dug ;  a  spade 
deep  of  earth  being  thrown  up  from  the  four  sides  of  the  line,  out- 
side  the  trench,  so  as  to  form  a  continuous  elevation  along  its  outer 
edge.  In  mounds  of  earth,  common  iofour  townships  or  U^four 
sections,  they  wiU  present  the  angles  of  the  quadrangular  trench . 
(diagonally^  towards  the  cardinaJ  points.  In  mounds  r^ommon 
only  to  two  townships  or  two  sections,  the  sides  of  the  quadrangular 
trench  will/ac?6  the  cardinal  points. 

Prior  to  piling  up  the  earth  to  constmct  a  mound,  in  a  cavity 
formed  at  the  comer  boundary  point  is  to  be  deposited  a  sUme^  or 
a  portion  of  charcoal^  or  a  charred  stake  is  to  be  driven  twelve 
inches  down  into  such  centre  point,  to  be  a  mtness  for  the  fiiture. 
The  surveyor  is  farther  specially  enjoined  to  plant  midway 
between  each  pit  and  the  trench,  seeds  of  some  tree,  those  of  fruit 
trees  adapted  to  the  climate  bemg  always  to  be  preferred. 

Double  corners  are  to  be  found  nowhere  except  on  the  Standard 
Parallels  or  Correction  lines,  whereon  are  to  appear  both  the  cor 
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sen  which  maik  fhe  inieraectiQiis  of  flie  Imes  which  cloee  thereon; 
and  those  from  which  the  sorveyB  start  in  the  opposite  direction. 

The  comers  which  are  established  on  the  standard  parallel,  at 
the  time  of  running  it,  are  to  be  known  as  ^Standard  Comarty 
and,  in  addition  to  all  the  ordxtuxry  marks,  (as  herem  prescribed), 
thej  will  be  marked  with  the  letters  S.  C.     The  ^  doting  comen^ 
be  marked  C.  C." 


they 
willb 


(M7)  FieM  BMkSt  There  should  be  several  distmct  and  sepa- 
rate field-books ;  viz. : 

^^  1.  field-notes  of  the  mbbibian  and  ba8B  lines,  showing  the 
establishment  of  the  tottmship^  section  or  mile,  and  quarter-section 
or  half-mile,  boundary  comers  thereon;  with  the  crossings  of 
streams,  ravines,  hills,  and  mountains ;  character  of  soil,  timber, 
minerals,  &c.  These  notes  will  be  arranged,  in  series,  by  mile 
stations^  from  number  one  to  number . 

2.  Field-notes  of  the  ^  stand abd  parallels,  or  correction 
lines,'  showing  the  establishment  of  the  township,  section,  and 
quarter-section  comers,  besides  exhibiting  the  topography  of  the 
count]^  on  line,  as  required  on  the  base  and  meridian  Imes. 

8.  Field-notes  of  the  extbbior  lines  of  townships,  showing  the 
establbhment  of  the  comers  on  line,  and  the  topography,  as  aforesaid. 

4.  Field  notes  of  the  subdivisions  of  townships  into  sections 
and  quarter-sections ;  at  the  close  whereof  will  follow  the  notes  of 
tiie  MEANDERS  of  navigable  streams.  These  notes  will  also  show, 
by  ocular  observation,  the  estimated  rise  and  fall  of  the  land  on 
the  line.  A  description  of  the  timber,  undergrowth,  surface,  soil, 
and  minerals,  upon  each  section  line,  is  to  follow  the  notes  thereof, 
and  not  to  be  mixed  up  with  them.'' 

6.  The  ^'Geodetic  Field-book,"  comprising  all  triangulations, 
angles  of  elevation  and  depression,  levelling,  &c. 

The  examples  on  the  next  two  pages,  taken  from  the  ^'  Instmc- 
dons"  which  we  have  followed  throughout,  will  shew  what  k 
required. 

The  ascents  and  descents  are  recorded  in  the  right-hand  columna. 
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FIELD  NOTES  OF 

THE  EXTERIOR  LINES 

OF  AN  ISOLATED  TOWNSHIP, 


Fidd  note*  of  the  Survey  of  township  25  north,  of  range  2  wett,  of  the  WiUametU 
mendum,  in  the  Territory  of  Orkoon,  by  Robert  Acres,  deputy  surveyor ^  under  hu 
eoniraci  No.  1,  bearing  dale  the  2<f  day  of  January,  1851. 


West 
40.00 


62.50 
80.00 


West 
40.00 


65.00 
80.00 


West. 
40.00 


80.00 


Township  links  commenced  Janaary  20,  1851. 

Soathern  boaodary  variation  18^  41'  E. 

On  a  random  lino  on  the  soatb  boundaries  of  sections  31,  32, 
33,  34,  35,  and  36.  Set  temporary  mile  and  half-mile  posts, 
and  intersected  the  eastern  boundary  2  chains  20  links  north 
of  die  true  comer  5  miles  74  chains  53  links. 

Therefore  the  correction  will  be  6  chains  47  links  W.  37.1 
links  S.  per  mile. ^ 


Trus  southsrn  boondart  variation  18^  41'  E. 
On  the  southern  bouudar3r  of  sec.  36,  Jan.  24,  1851. 
Set  qr.  sec.  post  from  which 

a  beech  24  in.  dia.  bears  N.  11  E.  38  Iks.  dist. 

a    do       9      do         do    S.    9  E.  17       do 

abrook  8L  wide,  course  NW 

Set  post  cor.  of  sees.  35  &,  36,  1  &2,  from  which 

a  Deech      9  in.  dia.  bears  S.  46  E.      8  1.  dist. 

a     do        8    do         do    S.  62  W.    7     do 

a  W.  oak  10    do         do    N.  19  W.  14     do 

a  B.  oak  14    do         do    N.  29  E.    16     do 
Land  level,  part  wet  and  swampy ;   timber  beech,  oak,  ash, 

hickory,  &c.         _^__^_^_ 


On  the  S.  boundary  of  sec.  35 — 

Set  qr.  sec.  post,  with  trench,  from  which 

a  beech  6  in.  dia.  bears  N.  80  E.  8  1.  dist. 

planted  SW.  a  yellow  locust  seed. 

To  beginning  of  hill 

Set  post,  witn  trench,  cor.  of  sees.  34  &  35,  2  &  3,  from  which 

a  Deech  10  in.  dia.  bears  S.  51  E.  13  1.  dist. 
do      10    do         do    N.  56  W.  9    do 

planted  SW.  a  white  oak  acorn, 
NE.  a  beech  nut. 
Land  level,  rich,  and  good  for  farming;  timber  same. 


On  the  S.  boundary  of  sec.  34 — 

Set  qr.  sec.  post,  with  trench,  from  which 

a  B.  oak  10  in.  dia.  bears  N.  2  E.  635  1.  dist. 

Planted  SW.  a  beech  nut. 
To  comer  of  sections  33,  34,  3  and  4,  drove  charred  stakes 

raised  mound  with  trench  as  per  instractions,  and 

Planted  NE.  a  W.  oak  ac'n ;  NW.  a  yel.  locust  seed. 
.  SE.  a  butternut ;  SW.  a  beech  nut. 
Land  level,  rich  and  good  for  farming,  some  scattering  oalt 

and  walnut. 


F«t. 


a  10 


dlO 

a    5 


alU 


a    5 
a  20. 


a   5 

a  13 


&c.,        &o., 


&c. 
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FIELD  NOTES  OF  THE 

SUBDrVTSIONAL  OR  SECTIONAL  MNES, 

AND  MEANDERS. 


Towmhip  25  N.,  Range  2  W,,  WiHametU  Met, 


Cbs.  IkB. 

North. 

9.19 

29.97 

40.00 


51.90 
76.73 
80.00 


Eaitt 
9.00 
15.00 
40.00 
55.00 
72.00 
80.00 


SuBDirisioifs.     Commenoed  Febraaiy  1,  1851. 
Between  sees.  35  aud  36— 

A  beech  30  in.  dia 

A  beech  30  in.  dia..... • 

Set  qr.  aec.  post,  from  which 

a  beech  15  in.  dia.  bfan  S.  48  E.  12  I.  dist 

a    do       8     do        do    N.  23  W.  45    do 

A  beech  18  in.  dia 

A  sugar  30  in.  dia 

Set  a  post  ror.  of  sees.  25,  26,  35,  36,  fi-om  which 

la  beech   24  in.  dia.  heara  N.  62  W.  17  1.  dtst 

a  poplar  36    do         do     S.  66  E.   34    do. 

a     do     20     do         do     S.  70  W.  50     do. 

a  beech  28    do         do    N.  60  E.   45    do. 
Land  level,  second  rate;   timber  beech,  poplar,  angar,  and 
'    nnd'gr.  spice,  &c.  


On  random  line  between  sees.  25  and  36 — 

A  brook  30  1.  wide,  course  N 

To  foot  of  hill 

Set  temporary  qr.  aec.  post 

To  opposite  foot  of  hill 

A  bri>ok  15  1.  wide,  course  N 

Intersect  E.  boundary  at  post 

Land  level,  second  rate;  timber,  beech,  oak,  nsh,  &c. 


&c.. 


&r.. 


&c. 


FeeL 


li  10 
d  5 
d    5 


d    5 

d    8 
d   2 


J  10 
d  10 
a60 
4  40 
<i20 
a  10 


Meanders  of  Ghickeeles  Biyer. 

Beginning  at  a  meander  post,  in  the  northern  township  boundary,  and  tfaonoe  ob 
the  left  bank  down  stream.     Commented  Ftbruary  11,  1851. 


Co"rae..ch*;;:\,. 


8.  76  W. 
8.61  W, 
S.  61  W. 

8.  54  W. 
S.  40  W. 
8.  50  W. 

5.  37  W. 

6.  44  W. 
8.  36  W 


18.46 

10.00 

8.18 

10.69 
5.59 
8.46 
16..50 
21.96 
27.53 


In  aection  4  bearing  to  corner  aec.  4  on  right  bank  N.  70^  W 
Bearing  to  cor,  sec.  4  and  5,  right  bank  N.  52®  W. 
To  post  in  line  between  sections  4  and  5,  breadth  of  river  by 
trian<?ulntion  9  chains  51  links. 


In  aection  5. 


To  apper  comer  of  John  Smith's  claim,  course  E. 

To  post  in  line  between  sections  5  and  8,  broadth  of  river  iyy 

trianj^nlation  8  chains  78  links. 


&c.,         &C., 


&c. 
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APPENDIX    A. 


8TH0PSIS  OF  PLAIE  TRIOOHOHETBT.* 


(1)  Deiliiitioil.  Plane  TrigoDometiy  is  that  branch  of  Mathematical 
Science  -which  treats  of  the  relationa  between  the  Bidet  and  angles  of  plane  trian* 
glea.  It  teaches  how  to  find  any  three  of  these  six  part8»  when  the  other  three 
are  giyen  and  one  of  them,  at  leasts  u  a  side. 

(9)  Angles  and  Arcs.  The  anfflet  of  a  triangle  are  measured  by  the 
are$  described,  with  any  radios,  from  the  angular  points  as  centres^  and  intercepted 
between  the  legs  of  the  angles.  These  arcs  are  measured  by  comparing  them  with 
an  entire  circumference,  described  with  the  same  radioa  £yery  circumference  is 
regarded  as  being  diyided  into  860  equal  parta»  eaUed  de^r^a.  Each  degree  is  di- 
Tided  into  60  equal  parts,  called  minutet,  and  each  minute  into  60  teeondt.  These 
divisions  are  indicated  by  the  marks  ^  '  ".  Thus  S8  degree^  17  minutes,  and  49 
seconds^  are  written  28^  17'  49".  Fractions  of  a  second  are  best  expressed  deci- 
mally. An  arc,  including  a  quarter  of  a  circumference  and  measuring  a  right 
angle,  is  therefore  90^  A  semicircumference  comprises  180^  It  is  often  repre- 
sented by  «,  which  equals  8.14159,  Ac,  or  S^  approximately,  the  radius  being  unity. 

The  length  of  l""  in  parts  of  radius =0.01745829 ;  that  of  1'=  0.00029089 ;  and 
that  of  1"=  0.00000485. 

The  length  of  the  radius  of  a  circle  in  degrees,  or  860th8  of  the  circumferenee 
=  57V29578  =  67°  17'  24".8  =  8487'.747  =  206264".8.t 

An  arc  may  be  regarded  as  generated  by  a  point,  M, 
moving  from  an  origin,  A,  around  a  circle,  in  the  direction 
of  the  arrow.  The  point  may  thus  describe  arcs  of  any 
lBngth8,BuchasAM;AB  =  90°=i*;  ABO  =  ISO"" ss « ; 
ABCB  =  270**  =  i  « ;  ABCDA  =  360°  =  2  ,. 

The  point  may  still  continue  its  motion,  and  generate 
arcs  greater  tlum  a  circumference,  or  than  two  circum- 
ferences, or  than  three ;  or  even  infinite  in  length. 

While  the  point,  M,  describes  these  arcs»  the  radius^ 
OM,  indefinitely  produced,  generates  corresponding  anglea 


•  For  mtnUf  aolving  triangles,  only  Articles  (IX  (SX  (8),  0^  (6),  (lOX  (IIX  «d  ([%\  are  needed. 

t  Tbe  number  ofsecouda  In  any  tro  which  Is  given  In  parts  of  radios,  radios  being  nnlty,  eqnsli 
the  length  of  the  arc  so  given  divided  by  the  length  of  tbe  aro  of  one  second ;  or  moltlpUed  by  the 
anmber  of  leoonds  In  radios. 
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If  the  point,  M,  should  move  from  the  ori^n,  A,  in  the  contraiy  direction  to  its 
former  moFement,  the  arcs  generated  by  it  are  regarded  as  negaiive,  or  rniimf ; 
and  so  too^  of  necessity,  the  angles  measured  by  the  arcs. 

Arcs  and  angles  may  therefore  vary  in  length  from  0  to  +  ao  in  one  directiol^ 
and  from  0  to  —  oo  in  the  contrary  direction. 

The  OompiemerU  of  an  arc  is  the  are  -which  would  remain  after  subtracting  the 
arc  from  a  quarter  of  the  circumference,  or  from  90^.  If  the  are  be  more  than  90^, 
its  complement  is  necessarily  negative. 

The  Supplmnent  of  an  arc  is  what  would  remain  after  subtracting  it  from  ball 
the  circumference,  or  from  180^  If  the  arc  be  more  than  180^,  its  supplement 
is  necessarily  negatiye. 

(8)  Trigonometrical  Unes.  The  relations  of  the  sides  of  a  triangie 
to  its  angles  are  what  is  required ;  but  it  ia  more  convenient  to  replace  the  angles 
by  arcs ;  and,  once  more,  to  replace  the  arcs  by  certain  straight  lines  depending 
upon  them,  and  increasing  and  decreasing  with  them,  or  conversely,  in  such  a  way 
that  the  length  of  the  lines  can  be  found  from  that  of  the  arcs,  and  vice  versA.  It 
is  with  these  lines  that  the  sides  of  a  triangle  are  compared.*  These  lines  are 
called  TVigonometrical  Line%  ;  or  Circular  F^mctions,  because  their  length  is  a  fano> 
tion  of  that  of  the  circular  arcs.  The  principal  Trigonometrical  lines  are  8inn^ 
TatiffenU,  and  Seeantg.    Chords  and  versed  sines  are  also  used. 

The  SINE  of  an  arc^  AM,  is  the  perpendicular, 
MP,  let  fall,  from  one  extremity  of  the  arc^  upon  V^  8M. 

the  diameter  which  passes  through  the  other  ex- 
tremily. 

The  TANGENT  of  an  arc,  AM,  is  the  distance, 
AT,  intercepted,  on  the  tangent  drawn  at  one 
extremity  of  the  arc,  betweed  that  extremity 
and  the  prolongation  of  the  radius  which  passes 
through  the  other  extremity. 

The  SECANT  of  an  aro^  AM,  is  the  part^  OT, 
of  the  prolonged  radius,  comprised  between  the 
centre  and  the  tangent. 

The  sine,  tangent,  and  secant  of  the  complement  of  on  arc  are  called  the  Co- 
bin^  Co-TANOENT,  and  Co-sacAirr  of  that  arc.  Thus,  MQ  is  the  cosine  of  AM,  BS 
its  cotangent,  and  OS  its  cosecant  The  cosine  MQ  is  equal  to  OP,  the  part  of  the 
radius  comprised  between  the  centre  and  the  foot  of  the  sine. 

The  chord  of  an  arc  is  equal  to  twice  the  sine  of  half  that  arc. 

The  veraedrtifu  of  an  arc^  AM,  is  the  distance,  AP,  comprised  between  the  origin 
of  the  arc  and  the  foot  of  the  sine.  It  is  consequently  equal  to  the  difference  bo» 
tween  the  radius  and  the  sine. 

The  Trigonometrical  lines  are  usually  written  in  an  abbreviated  fonn.  Callii%( 
the  are  AM asa»  we  write, 

MPssBin.a.  AT  as  tan.  a.  OTsssea  «. 

MQscos.a.  BSscot  a.  OS^coseao. 

The  period  after  sin.,  tan.,  Ac,  indicating  abbreviation,  is  frequently  omitted. 
Hie  arcs  whose  sines^  tangents^  dkc,  are  equal  to  a  line  =sa,  are  written, 

sin.     *  <^  or  arc  (sin.  =  a) ; 

tan.    *  a,  or  arc  (taa=  a);  Ac  \ 

*  For  tlis  grest  valoe  of  this  ladiMet  mods  of  oompsnng  ths  alto  snd  angles  of  trlsoglei^  ase 
Oente^  "  PhUoaophj  of  Mstfa•Instio^**  (Harp«n\  1851,)  jMge  989. 
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(4)  The  lines  ns  ratios.  The  ratioa 
between  the  trigonomeirical  lines  and  the  radios 
are  the  same  for  the  same  angles,  or  nnmber  of 
degrees  in  an  arc,  whatever  the  length  of  the  ra- 
dios or  ara  Conseqnentlj,  radius  being  unity, 
these  lines  may  be  expressed  as  simple  ratios. 
Urns,  in  the  right-angled  triangle  ABO,  "we 
would  have 

BC_  opposite  side 


Pi»8M. 


""^  AB       hypothenuse ' 

BO opposite  side 

**^-^""A0""  adjacent  side' 

AB  ^_  hypothenuse 

■^  '^""AO""  adjacent  side* 


.      AO       adjacent  side 

cos.  A  =  7^  =  -=-=— -r , 

AB       hypothenuse 

^    .       AO       adjacent  side 

cot  A=5r^  = i :- :-j-, 

BO       oppoeite  side 

.      AB       hypothenuse 

cosGC.  A=s —  =— is: — • . 

BO       opposite  side 


When  the  radius  of  the  arcs  which  measure  the  angles  is  unity,  these  ratios  may 
be  used  for  the  linea  If  the  radius  be  any  other  length,  the  results  which  have 
been  obtained  by  the  above  supposition,  must  be  modified  by  diyiding  each  of  the 
trigonometrical  lines  in  the  result  by  radius,  and  thus  rendering  the  equations  of 
the  results  "  homogeneous."  The  same  effect  would  be  produced  by  multiplying 
each  term  in  the  expression  by  such  a  power  of  radius  as  would  make  it  contain  a 
number  of  linear  factors  equal  to  the  greatest  number  in  any  term.  The  radius 
is  usually  represented  by  r,  or  R. 

(5)  Tbeir  variations  in  lengrtii*  As  the  point  M  mores  around 
the  circle,  and  the  arc  thus  increases,  the  sines,  tangents,  and  secants,  starting 
from  zero,  also  increase ;  till,  when  the 
point  M  has  arrived  at  B,  and  the  are  has 
become  90"^,  the  sine  has  become  equal  to 
radius,  or  unity,  and  the  tangent  and  se- 
cant have  become  infinite.  The  comple- 
mentary lines  have  decreased;  the  co- 
sine being  equal  to  radius  or  unity  at 
starting  and  becoming  zer(^  and  the  co- 
tangent and  cosecant  passing  from  infin- 
ity to  zera  When  the  point  M  has 
passed  the  first  quadrant  at  B  and  is 
proceeding  towards  0,  the  sines,  tan- 
gents, and  secants  begin  to  decrease,  till, 
when  the  point  has  reached  0,  they  have 

the  same  values  as  at  A.    They  then  begm  to  increase  again,  and  so  oa 
Table  on  page  882  indicates  these  variations. 

The  sines  and  tangents  of  very  small  arcs  may  be  regarded  as  sensibly  propor- 
tional to  the  arcs  themselves ;  so  that  for  sin.  a",  Ve  may  write  a.  sin.  1"  ;  and 
similarly,  though  less  accurately,  for  sin.  a',  we  may  write  a .  sin.  1'. 

The  sines  and  tangents  of  very  small  arcs  may  similarly  be  regarded  as  sensibly 
of  the  same  length  as  the  arcs  themselves.* 


The 


•  CoMequentiy,  the  note  on  page  3T»  may  read  thns :  The  number  of  aeoonds  la  any  very  smBlI 
are  given  in  i^arts  of  ndloa,  ladlna  being  unity,  is  equal  to  the  length  of  the  are  ao  glran  dhided 
byaln.!". 
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•  being  the  length  of  any  are  expressed  in  parts  of  radioai  tlw  les^tlia  of  its  aim 
and  «osin«  maj  be  obtained  by  the  following  aeries: 


sin.  a^a^ 


2.8 


2.8.4. 
a* 


*  =  '-2"+2.8.4 


6       2.8 
2 6 


7 

+.eto. 


+,etc 


Let  it  be  required  to  find  ooa.  80^  by  the  abore  series. 

SO 
80**  =  y''  «  =  I  X  8.1416  =  .6286. 

Bubstitating  this  namber  for  a,  the  series  becomes^  taking  only  three  terms  of  it^ 


1  — il^^V  ^^^^-,  etc.  =  1  -  0.18Y018  +  0.008180  « .866052 ; 
2  24 

which  is  the  correct  yalue  of  cos.  80^  for  the  first  four  places  of  decimals 

Hie  lengths  of  the  other  lines  can  be  obtained  from  the  mntoal  relations  girea 
in  Art  (7.)    Some  particolar  yalaes  are  given  below. 

sin.  80°  =  |.  sin.  46°  =  iv'2.  sin.  60°  =  iv^8. 

tan.  80°  =  iv'S.  tan.  45°  =  1.  tan.  60°  =  >/8. 

sea  80°  =  1^8-  mc.  45°  s:  v^2.  sec  60°  =  2. 

(0)  Their  Clianges  of  sipi.  Lines  measured  in  contrary  directions 
from  a  common  origin,  usually  receive  contrary  algebraic  signs.  If  Uien  all  the 
lines  in  the  first  quadrant  are  called  positive,  their  signs  will  change  in  some  of 
the  other  quadrants.  Thus  the  sines  in  the  first  quadrant  being  all  measured  up- 
ward, when  they  are  measured  downward,  as  they  are  in  the  third  and  fourth 
quadrants,  they  will  be  negatiye.  The  cosines  in  the  first  quadrant  are  meas- 
ured from  left  to  right,  and  when  they  are  measured  from  right  to  left,  as  in  the 
second  and  third  quadrants^  they  will  be  negative.  The  tangents  and  secants  fol- 
low similar  rules. 

The  variations  in  length  and  the  changes  of  sign  are  all  indicated  in  the  follow- 
ing table,  radius  being  unity.  The  terms  "increasing"  and  ''decreasing"  apply  to 
the  lengths  of  the  lines  without  any  reference  to  thehr  signs. 

Lengths  and  Signs  of  the  Trigonometrical  Lines  for  Arcs  from  0®  to  860* 


Arcs. 

oo 

Between  oo  and  90O. 

90© 

Between  90O  and  ISOO. 

180O 

Sine     .    .    . 

0 

-(-,  and  increasing, 

+1 

+,  and  decreasing; 

0 

Tangent  .    . 

0 

-  -,  and  increasing^ 

±00 

— ,  and  decreasing, 

0 

Secant     .    . 

+1 

-  -,  and  increasing^ 

±00 

— ,  and  decreasing. 

-1 

Cosine     .    . 

+1 

-  -,  and  decreasing, 

0 

— ,  and  increasing, 

-1 

Cotangent    . 

±00 

-  -,  and  decreasing, 

0 

— ,  and  increasing, 

=F« 

Cosecant  .    . 

±00 

-f-,  and  decreasing, 

+1 

-f ,  and  increasing. 

±0P 

Ara. 

180© 

Between  180O  sad  t70o. 

270O 

Between  SroOsDdSeoo. 

860O 

Sine     .    .    . 
Tangent  .    . 
Secant     .    . 
Cosme.    .    . 
Cotangent    . 
Cosecant.    . 

0 
0 

-1 

-1 

±« 

— ,  and  increasing, 
+,  and  increasing, 
— ,  and  increasing, 
— ,  and  decreasing, 
+,  and  decreasing, 
— ,  and  decreasing, 

-1 

±00 

=F« 
0 
0 

-1 

— ,  and  decreasing, 
-.  and  decreasing, 

-j-,  and  increasing, 
— ,  and  increasing; 
— ,  and  increasing. 

0 

0 

+1 

-fl 
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Ytom  this  table,  and  Fig.  400,  we  eee  that  an  are  and  iti  typpUrant  have  the 
Mune  line ;  and  that  their  tangents,  aecanta,  ooetnee,  and  eotangents  are  of  equal 
length  bat  of  oontraiy  ligna;  while  the  ooeeeants  are  the  same  in  both  length 
and  aign. 

We  alio  dednoe  from  the  figure  the  following  ooneeqaenees : 

WL  («•+  180*)  =-eia  a\  coa.  (a''+ 180**)  =-cot.  a\ 

tan.  (a"+  ISO*)  =  tan.  a\  cot  (a**+  180**)  =  cot  a\ 

aea  (a*+ 180**)  =-8eo.  a*.        oosec.  (a**+  ISO**)  =-coeec.  a\ 

■ia  (—«**)=— ain.  a®.  ooe.  (— a**)  =  eos.  a*, 

tan.  (-a**)  =:-tan.  a*.  cot  (-a**)  =-cot  a**, 

eec.  (—a*)  =  eea  a**.         cos^,  (— «*)  =— ooseo.  a**. 

An  infinite  number  of  arcs  have  the  same  trigonometrical  lines ;  for,  an  arc  a, 
the  same  are  pins  a  circamference,  the  same  are  plus  two  circnmferences,  and  so 
on,  wonld  have  the  same  sine,  dka 

''To  bring  back  to  the  first  quadrant"  the  trigonometrical  lines  of  any  large  arc^ 
proceed  thus :  Let  1029**  be  an  arc  the  sine  of  which  is  desired.  Take  from  it  as 
many  times  860**  as  possible.    The  remainder  will  be  809**.    Then  we  shall  have 

Ka809*s=sia(lS0**-809**)==8in.-129*'=-aial29**=-8mXl80*-^*9*»)=-8inJJl" 

(T)  Their  mutual  relations.    Radius  being  unity, 

^      VOL  a""                   .     o      «>«•  «* 
tan.  a**  = ».  cot  a**  s=  -: =* 


o  1 

oosea  a  ss:- g, 

sm.  a° 

tan.  a**  Xcot  a**  =  1.  (sin.  a**)*  +  (cos.  «**)■  =  l.« 

1  +  (tan.  ay  =  (sea  a**)«.         1  +  (cot  a**)*  =  (oosea  a**)« 

Hence,  any  one  of  the  trigonometrical  lines  being  given,  the  rest  can  be  found 
frxHn  some  of  these  equations. 

(§)  Two  arcs.    I/et  a  and  h  represent  any  two  aros^  a  being  the  greater 
Then  the  following  formulas  apply : 

sin.  (a  +  6)s=sin.  a.cos^  5  + cos.  a.  sin.  & 
aia  (a  —  6)  =  eia  a.  cos.  6  —  cos.  a.  sin.  & 
ooa.  (a-|-  h)  =:  cosL  a.  cos.  6  —  sla.  a .  sin.  &. 
eo8.(a'— 6)  s=ooe.  a.cosL  6+Bin.  a.dn.  6. 

tan(a  +  6)  =  r — -—! — - — -. 
^    *    '      1  —  taa  a .  tan.  b 

....         tan.  a  —  taa  h 
taa(«— &)=s 


eot  («-!-&)  =s 


1  -|-  taa  a .  taa  6* 
cot  a .  cot  6—1 


cot  6  4-  cot  a 


cot  («  -  J)  = --7 -5--. 

^         '        cot  6  —  cot  a 


•  Tbesqura,  Ao,  of  tbsaln*,  Ao;,  of  an  an,  Isoftoo  oxpreaied  ty  plaoliiff  the  asponent  betwoM 
tbo  abbreviatton  of  Um  name  of  the  trigonomotrical  line  and  the  nomber  of  the  degrees  In  the  aro; 
^kos,  dn.*  ao,  tan.'  af>^  Sdo,    But  the  notation  given  above,  plaoee  the  index  as  need  by  Oaxu^ 
•elsmbre,  Arbogaat,  Sdo^  though  the  fint  two  omit  the  paientheses. 
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■in.  a .  aia  6  =  i .  COS.  (a  —  6)  —  i  COS.  (a -t- &)• 

cot.a .  COS.  6  =  i .  ooa  (a  +  6)  +  i 00&  (a  —  6). 

UD.  a.oo&6  =  i.aiii.  (a  +  &)  + 1 *>n.  (^  ^  ^X 

COS.  a .  sin.  6  ^  i .  sin.  (a  -{-  &)  ^  i  on*  (a  —  i). 

Bia.  a4-un*&  =  2sin.  ^  (a +6)  «oa.  |(«  —  i). 

ooflb  a  -(-  00&  6  =  2  oosL  i  (a  +  ^)  ^'^  i  ('  "*  ^)* 

sin.  a  —  sin.  6  =  2  sin.  ^  (a  —  &)  cos.  i  (a  +  ^)* 

008. 6  —  ooflL  a  =  2  sia  ^  (a  —  6)  sin.  i  (a  +  ^)> 

COS.  a .  COB.  6 

.      .       sia  (a  —  5) 

Uaa  — taa6=s i i. 

eoBL  a. COS.  b 

A,  I  t      t.         sia  (a  +  J) 

sia  a .  Bia  6 

.   .         4.  sia  (a  —  6) 

00i&  — O0t«=s-: i — : — V« 

saa  a.  sia  b 

(9)  Double  and  half  arcs.    Letting  a  represent  an j  arc^  «§  belbt^ 
ire  haye  the  following  fonnulas : 
sia  2  a  =  2  sia  a .  OOSL  a. 

COS.  2  a  ^  (cos.  a)*  —  (sia  of  s=  2  (oo&  a)*  —  1  as  1 «  2  (sin.  «]P. 
2  tea  a  2  oot  a  2 


taa2«ss 


1— (taaa)*     (cot  a)* — 1      oota^taaa 


cot  2  ass ^—T- — i s: i  (oot «  —  iaa  a). 

2  cot  a  "  ^  ' 

sia|a=s^[|(l-.cos  a)]. 

ooaia  =  v'[i(l  +  cos.a)]. 

sia  a         1  —  COS.  a        *  /I  —  eoe.  a\ 

1  +  oos.a         siaa         ^\l+cos.a/ 

.   ,         1  +  cos.  a         sia  a  #  /I  +  cosi  aV 

cot  ios=— ir =' =i^  {^ 1. 

sia  a         1  —  COS.  a      ^  \1  —  oo&  a/ 

(10)  Trigonometrical  Tables.  In  the  usual  tables  of  the  natoral 
Trigonometrical  lines^  the  degrees  from  0**  to  46^  are  found  at  the  top  of  the  tables 
and  those  from  45°  to  90°  at  the  bottom ;  the  latter  being  complements  of  the 
former.  OonseqaenUy,  the  columns  which  have  SUu  and  Ttmgatt  at  top  haye 
Cotine  and  Cctangmt  at  bottom,  since  the  cosine  or  cotangent  of  any  are  is  the 
same  thing  as  the  sine  or  tangent  of  its  complement  The  minntes  to  be  added 
to  the  degrees  are  found  in  the  left-hand  colnmn,  when  the  nomber  of  degreee  at 
the  top  of  the  page  are  used,  and  in  the  right-hand  column  for  the  degrees  when 
at  the  bottom  of  the  page.  The  lines  for  arcs  intermediate  between  those  in  the 
tables  are  found  by  proportioa  The  lines  are  calculated  for  a  radius  equal  waitj. 
Hence,  the  Talues  of  the  sines  and  cosines  are  decimal  fractions,  though  the  poini 
is  usually  omitted.  So  too  are  the  tangents  from  0°  to  46°,  and  the  cotangents 
from  90°  to  46°.    Beyond  those  points  they  are  integers  and  dedmalsL 

The  calculations^  like  all  others  inyolying  large  number^  are  shortened  by  the 
use  of  logarithms)  which  subetitute  addition  and  subtraction  for  multiplicatko  and 
diyision;  but  the  young  student  should  ayoid  the  frequent  error  of  regarding  loga 
rithms  as  a  necessary  part  of  trigonometry. 
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SOLUTION  OF  TRIANGLES. 

(11)  Rlglit-anirl«<l   Triangles.     Let 

ABC  be  any  right-angled  triangle.  Denote  the 
■ides  oppoflite  the  angles  by  the  corresponding  small 
letters.  Then  any  one  side  and  one  acute  angle,  or 
any  two  sides  being  given,  the  other  parts  can  be  ob- 
tained by  one  of  the  following  equations : 


Fif.40L 


CttTCB. 

Bsqutnd. 

Fonnnlas. 

0,6 

^,  A,B 

c=^(a*  +  6«);taaA  =  j;cotB=i. 

a,  0 

^  A,B 

b  =V(^  —  «*);  "in-  As=-;  cos.B  =  -. 

C                           € 

«»A 

*,  c,    B 

6  =  a.eot.A;  c  =  -r^;  B  =  90*  — A. 
'         Bin.  A' 

*.A 

«,  <^    B 

a=:6.tan.A;  c  =  -^;' B  =  90*  — A. 
'          cos.  A' 

c,A 

<hh,   B 

asc.sin.  A;  6  =  cco&A;  B  =  90" — A. 

(19)  Obliaue-amgled  Trian- 
gles* Let  ABO  be  any  obh'qne-angled 
triangle,  the  angles  and  sides  being  noted 
as  in  the  figure.  Then  any  three  of  its  six 
parts  being  given,  and  one  of  them  being  a 
side,  the  other  parts  can  be  obtained  by  one 
of  the  following  methods,  which  are  found- 
ed on  these  three  theorems. 

Trsoroc  L—In  every  plane  triangle,  the  einet  o/tha  anglee  are  to  each  other  as 
tKe  oppoeite  eidee, 

Thbohim  II— /n  every  plane  triangle,  the  sum  of  <ioo  eidee  it  to  their  difference 
ae  the  tangent  of  half  the  sum  of  the  anglee  opposite  thoee  sides  is  to  the  tangent  of 
half  their  difference, 

Thbokem  IIL — In  every  plane  triangle,  the  cosine  of  any  angle  is  egual  to  a  frac- 
tion whose  numerator  is  the  sum  of  the  squares  of  the  sides  adjacent  to  the  angle,  mi- 
nus the  square  of  the  side  opposite  to  the  angle,  and  whose  denominator  is  twice  the 
product  of  the  sides  atfjacent  to  the  angle. 

All  the  cases  for  solution  which  can  occur,  may  be  reduced  to  four. 

Cask  1. — Given  a  side  and  ttoo  angle*.  The  third  angle  is  obtained  by  snbtraei- 
ing  the  sum  of  the  two  given  angles  from  180^;  Then  either  unlmown  side  can  bt 
obtained  by  Theorem  L 


OaUmgthe  given  side  a,  we  hare  6  =  a. 

25 


sddlB^ 
sin.  A' 


and  6=:  a 


sin.  A* 
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Oask  2.— (Ttvm  two  Hdet  and  an  angU  oppoiite  one  of  them.  The  angle  oppo- 
rite  the  other  given  side  is  found  by  Theorem  L  The  third  angle  is  obtained  by 
■nbtracting  the  snm  of  the  other  two  from  180^  The  remaining  side  is  then  ob- 
tained by  Theorem  L  «r 

Calling  the  glTen  sides  a  and  6»  and  the  giyen  angle  A,  wa  hare  sin.  B  ^  sia  A. -w 

Since  an  angle  and  its  aapplement  hare  the  same  sine,  the  result  Lb  ambiguons ; 
for  the  angle  B  may  haye  either  of  the  two  supplementary  values  indicated  by 
the  sine»  if  6  >  o^  and  A  is  an  acute  angle. 

Cs=180*—(A  +  B).  «s=sin.O-r^. 

^  '^  sm.A 

Oisi  t.'^Oiven  two  §ide$  and  their  included  angle.  Applying  Theorem  II  (ob- 
taining the  sum  of  the  angles  opposite  the  given  sides  by  subtracting  the  given 
included  angle  from  ISO®),  we  obtain  the  difference  of  the  unknown  angles.  Add- 
ing this  to  their  snm  we  obtain  the  greater  angle,  and  subtracting  it  from  their 
snm  we  get  the  less.    Then  Theorem  L  will  give  the  remaining  side. 

Galling  the  given  sides  a  and  b,  and  the  included  angle  Q  we  hare 
A+B  =  180**  — a    Then 

tan.  J  (A-.B)=tan.  J  (A  + B).  i=|. 

|(A  +  B)  +  i(A-B>=A.       i(A  +  B)-l(A-B)  =  B.       c  =  «^ 

sm.  A 

In  the  first  equation  eot  i  0  may  be  nsed  in  the  plaoe  of  tan.  ^  ( A  •4*  B)^ 
Case  4. — Oiven  the  three  eidet.    Let «  represent  half  the  sum  of  the  three  sides 
BB^  (a  +  &  +  4*    Then  any  angle,  as  A,  may  be  obtained  from  either  of  the  fol- 
lowing formulas^  founded  on  Theorem  IIL: 

^-^■" 2bt—' 

The  first  formula  should  be  used  when  A  <  90^  and  the  second  when  A  >  90*. 
Hie  third  should  not  be  used  when  A  is  nearly  180^ ;  nor  the  fourth  when  A  ia 
nearly  90® ;  nor  the  fifth  when  A  is  very  small.  The  third  is  the  most  ccmTenienl 
when  all  the  angles  are  required. 
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bexovstrahovs  of  psoblehb,  bio. 

ICavt  of  the  proUema,  &c^  oontained  in  the  preceding  pages,  require  Demonstra- 
iiona.  Theae  will  be  giyen  here,  and  will  be  designated  by  the  same  numbers  as 
those  of  the  Artides  to  which  they  refer. 

As  many  of  these  Demonstratioiis  inyolTe  the  beautiftil  Tbooxj  of  Transrersals, 
Ae,  which  has  not  yet  found  its  way  into  our  Qeometriaa^  a  condensed  summary 
of  its  principal  llkeorems  will  first  be  giyen. 

TRANSVERSALS. 

Thkobbc  L — Jfa  straight  line  be  drawn  to  ae  to  cut  any  two  Hdea  of  a  triangle, 
and  the  third  tide  prolonged,  thue  dividing  them  into  iix  parte  (the  prolonged  eide 
and  tie  prolongation  being  two  of  the  part%),  then  wiU  the  product  of  any  three  of 
thoee  parte,  whose  extremities  are  not  contiguous,  equai  the  product  of  the  other  three 
parts. 

That  is,  in  Fig.  408,  ABO  being  the  triangle,  and  Vig.  408, 

BF  theTransyersal,  B£XAI>XGF=^EAXDOxBF. 

To  proye  this,  from  B  draw  BG,  parallel  to  OA, 
From  the  similar  triangles  BEG  and  AED,  we  haye 
BO  :  BE  ::  AD :  AR  From  the  similar  triangles 
BFG  and  OFD,  we  haye  CD  :  OF  : :  BO  :  BF. 
Multiplying  these  proportions  together,  we  haye 
BOXOD  :  BEXOF : :  ADXBO  :  AEXBF.  Multi- 
plying extremes  and  means^  and  suppressing  the  common  faidor  BO,  we  haye 
BEXADXCF=EAXD0XBF. 

These  six  parts  are  sometimes  said  to  be  in  involution. 

If  the  Transyersal  passes  entirely  oat- 
side  of  the  triengle,  and  cuts  the  pprolonga- 
tions  of  all  three  sidea^  as  in  Fig.  404,  the 
theorem  still  holds  good.  The  same  dem- 
onstration applies  without  any  change.* 

TExoaxu  It— Conyersely :  If  three  points 
be  taken  on  two  ddes  of  a  triangle,  and  on 
the  third  side  prolonged,  or  on  ^  proton^ 
gations  of  the  three  sides,  dividing  them 
into  six  parts,  such  that  the  product  of 
three  non-consecutive  parts  equals  the  prod- 
uct of  the  other  three  parts ;  then  will  these  three  points  lie  tfi  the  same  straight  line^ 

This  Theorem  is  proyed  by  a  Reductio  ad  absurdum. 


*  lUsThsoram  may  be  extandMl  to  polyieons. 
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TRAN8TER8ALS. 


[afp. 


n^ioc. 


TnoBZii  ni— ^yrom  tht  tmnmUt  of  a  tnangU,  linei  '^  **■ 

iff  drawn,  to  a  point  ntwUed  tither  within  or  wUhout  the 
triangle,  and  prolonged  to  meet  the  eidee  of  the  triangle, 
or  their  prdongatione,  thve  dividing  them  into  eix  parte; 
then  will  the  product  of  any  three  non^eoneecuUte  parte  be 
eq%ial  to  the  produd  of  the  other  three  parte. 

That  Lb,  in  Fig.  406,  or  Fig.  40«, 

AB  X  BF  X  CD  =  BB  X  FC  X  DA. 

For,  ilie  triangle  ABF  being  cat  hy 
the  transToraal  EG,  giyes  the  relatbn 
(Theorem  I), 

A£  X  BG  X  FPssEB  X  FG  X  PA. 

?rhe  triangle  AGF,  being  cut  hj  the 
transrersal  DB^  giyea 

DG  X  FB  X  PAs=  AD  X  GB  X  FP. 

Multipljing  these  equations  together, 
and  suppressing  the  common  fiuitors 
PA,  GB,  and  FP,  we  haye  A£  X  BF  X  GD  =  EB  X  FG  X  DA 

Thboexk  IY.— GonTorsely :  TjT  three  pointe  are  eitwUed  on  the  three  eidee  o/atri' 
angle,  or  on  their  prolongatione  {either  one,  or  three,  of  theee  pointe  being  on  the  tide9\ 
eo  that  they  divide  theee  linee  in  euch  a  wag  that  the  product  of  any  three  non-cat^- 
eeeutive  parte  eguale  the  product  of  the  other  three  parte,  then  will  linee  drawn  fiom 
theee  pointe  to  the  oppoeite  anglee  meet  in  the  eamc  point. 

This  Theorem  can  be  demonstrated  by  a  Reduetio  ad  abeurdum, 

OOROLLARIBS  OF  THX  PRBCBDINO  THE0RBM8. 


Goa.  1.— 7%«  MEDIANS  of  a  triangle  (L  e.,  the  lines  drawn  from  its  sommits  to 
the  middles  of  the  opposite  sides)  meet  in  the  e^epoisU, 

For,  supposing,  in  Fig.  405,  the  points  D,  £,  and  F  to  be  the  middles  of  the  ndea» 
th^  products  of  the  non-consecutiTe  parts  will  be  equal,  i  k,  A£  X  BF  X  GD^ 
DAXFBXFG;  sinoeAE  =  £B,  BF=FG,  GDs=DA.    Then  Theorem  IV.appliea. 

Gob.  2.^The  BISSEGTRIGES  of  a  triangle  (I  e.,  the  lines  bisectlDg  ito  anglee) 
meet  in  the  eame  point. 

For,  in  Fig.  405,  snpposing  the  lines  AF,  BD,  G£  to  be  Bissectricea^  we  ha^e 
(Legendreiy.lY): 

BF :  FO : :  AB  :  AG,  1  r  BF  X  AG  =  FG  X  AB, 

GD:  DA: :  BG  :  BA,  V  whence  ^  GD  X  BA=DA  X  BG, 
AE:  EB ::  GA:  GB,  )  (  A£  X  GB=:EB  X  GA. 

Multiplying  these  equations  together,  and  omitting  the  common  fsctora^  we  har* 
BF  X  CD  X  AE  =  FG  X  DA  X  ER    Then  Theorem  IV.  applies 
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Cob.  8. — The  ALTJTUDES  of  a  triangU  (L  e.,  the  linjs  arawn  from  its  summits 
peqiendicnlar  to  the  opposite  sides)  meet  in  the  eame  p<nnL  * 

For,  in  Fig.  405,  sapposiog  the  lines  AF,  BD,  and  C£,  to  be  Altitudes,  we  have 
three  pairs  of  similar  triangles,  BCD  «nd  FCA,  C AE  and  DAB,  ABF  and  EBC,  by 
comparing  which  we  obtain  relations  from  which  it  is  easy  to  deduce  BFxCDxAE 
sbSBxFC XDA ;  and  then  llieorem  IV.  again  applies. 

Cob.  4.—^  in  Fig.  406,  or  Fig,  406,  the  point  F  he  taken  in  the  middle  o/BC, 
then  wiU  the  line  ED  he  parallel  to  BC. 

For,  since  BF = FO,  the  equation  of  Theorem  in.  reduces  to  AExCDs^B  XDA ; 
wikence  AE  :  EB  : :  AD  :  DO  *  consequently  ED  is  parallel  to  BO. 

Cob.  6.— Conversely  i  If 'EX.  he  parallel  to  BO,  then  it  BF = FC 

For,sinceAE:£B::  AD:DC,wehaye  AExDCssEB  XAD;  whence,  in  the 
equation  of  Theorem  III.,  we  must  have  BF^FC. 

Cob.  6. — From  the  preceding  Corollary,  we  derire  the  following : 

jy  hoo  ridee  of  a  triangle  are  divided  proportionally^ 
starting  from  the  tame  tummitt  at  A,  and  linet  are  drawn 
from  the  extremitiet  of  the  third  tide  to  thep<dntt  ofdivi- 
•ton,  the  interteetiont  of  the  eorretponding  linet  will  all  lie 
in  the  tame  ttraight  line  Joining  the  ttamnit  A,  and  the 
middle  of  the  hate. 

Cob.  7. — A  particular  case  of  the  preceding  corollary 
itthis:  ^ 

In  any  trapexoid,  the  ttraight  line  whieh  Joint  the  inter- 
teaion  of  the  diagonalt  and  the  paint  of  meeting  of  the  non^paralM  tidet  prodxteed, 
pattet  through  the  middle  of  the  two  parallel  haeet. 

Cob.  8.— ijT  the  three  linet  drawn  through  the  eorretponding  tummitt  of  two  trian- 
glet  eut  each  other  in  the  tame  point,  then  the  three  pointt  in  whieh  the  eorretponding 
tidet,  produced  ifneeettarg,  will  meet,  are  tituated  in  the  tame  ttraight  line. 

This  corollary  may  be  otherwise  enunciated,  thus : 

If  two  triangUt  have  their  tummitt  tituated,  two  and  two,  on  three  linet  whieh 
tneet  in  the  tetme  point,  then,  Ae, 

This  is  preyed  by  obtaining  by  Theorem  L  three  equations^  which,  being  multi* 
plied  together,  and  the  six  common  Victors  cancelled,  giye  an  equation  to  which 
Theorem  II.  applies. 

TViangles  thus  situated  are  called  homologie ;  the  common  point  of  meeting  of 
the  lines  passing  through  their  summits  is  called  the  eentre  of  homology;  and  the 
tine  on  which  the  sides  meet^  the  axit  of  homology,         ^ 
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HARMONIC  DIVISIOK 

Davmnioin.— A  rtraiglit  line^  AB»  u  uud  to  Fii^ioa 

be  harmtmieally  dMded  At  the  points  0  aod  D,  »  1 1 1 

when  theee  points  detennine  two  additiTe  seg-  ^  0       B  D 

ments,  AO,  BO,  and  two  snbtnetiye  segmentfl^  AD,  BD,  proportions!  to  one  an- 
other ;  so  that  AO :  BG  : :  AD :  BD.  It  will  be  seen  that  AO  must  be  more  than 
BO^  since  AD  is  more  than  BD.* 

This  relation  may  be  otherwise  expressed,  thns:  the  product  of  the  whole  line 
by  the  middle  part  equals  the  product  of  the  extreme  parts. 

Reciprocally,  the  line  DO  is  harmonically  divided  at  the  points  B  and  A ;  since 
the  preceding  proportion  may  be  written  DB :  OB  : :  DA :  OA. 

The  four  points,  A,  B^  Q  D,  are  called  harmonie9,  llie  points  0  and  D  are  called 
harmonic  c<mjugate$.    So  are  the  points  A  and  B. 

When  a  straight  line,  as  AB,  is  diyided  harmonically,  its  half  is  a  mean  propor- 
tional between  the  distsnce  from  the  middle  of  the  line  to  the  two  points^  G  and  D, 
which  dlyide  it  harmonicslly. 

I(  from  any  pointy  0,  lines  be  drawn  so  as  to  Fig.  4M. 

diyide  a  line  harmonically,  these  lines  are  called 
an  harmcnie  pmeiU  The  four  lines  which  com- 
pose it,  OA,  00,  OB,  OD,  in  the  figure,  are 
called  its  radii,  and  the  pairs  which  pass  through 

the  conjugate  points  are  called  eonjvgaU  radii,        

A  OB 

Thxosxm  v. — In  any  harmonie  pencil,  a  Una  drawn  parallel  to  any  om  of  tka 
radii,  t«  divided  by  tha  three  other  radii  into  two  equal  parte* 

Let  £F  be  the  line,  drawn  parallel  to  Ftg.  410. 

OA    Through  B  draw  OH,  also  parallel  J^ 

to  OA.    We  hare^ 

GB:OA::BD:AD;  and 

BH:OA::BO:Aa 

But,  by  hypothesis,  AO :  BO : :  AD  :  BD. 
Hence,  the  first  two  proportions  reduce  to 
GB  s:  BH ;  and  consequently,  £K  =  EF. 

The  JUciproeal  is  also  true ;  l  e.. 

If  four  linee  radiating  from  a  point  are  tueh  that  a  line  drawn  paralld  to  one  of 
them  ie  divided  into  two  equal  parte  by  the  other  three,  the  four  linee  form  ai%  har* 
moniepeneiL 

*  ThrM  jiiimben, m,n,p,  smiiged In  decrewing order  oi slxe,  Ibrm  an karmtmie  proportUm, 
when  the  difference  of  the  flret  snd  the  seeond  te  to  the  differenoe  of  the  eeoond  end  the  third,  «i 
the  flnt  IB  to  the  third.  Bach  sre  the  nnmbers  A,  4,  end  8 ;  or  C,  8,  snd  9 ;  or  IS^  12,  and  10;  Aa 
Bo,  in  Fig.  408,  ue  the  lines  AD,  AB,  and  AG,  which  thus  glre  BD: CB::  AD:  AC;  or 
AO :  GB : :  AD :  BD.  The  series  of  fractions,  |,  |,  j,  },  ^^  Jfec,  Is  called  an  harmonte  proffree- 
lion,  becanse  anj  oonaeontiTe  three  of  its  terms  ft>no  an  harmonio  proporiton. 
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Tbbobxk  YL—^  any  ttannermL  to  an  hafmomepeneil  be  drawn,  it  Ml  6#  dMM 
harmonically. 

Let  LM  be  the  transyeraaL  Through  E,  where  LM  inteneote  OB^  draw  EF 
parallel  to  OA,  It  is  bisected  at  E  by  the  precedbg  theorem ;  and  the  nmilar 
triangle^  FME  and  LMO,  EEN  and  LNO,  giye  the  proportions 

LH :  EM : :  OL :  FK,  and  LN :  NE : :  OL :  EE;  whence, 
Binee  FE sEE,  we  haye  LN :  KE : :  LM :  EM. 

CoBOLLART. — 7^  tw>  nde$  of  any  angle,  together  with' the  hiseeetrieee  of  the  angla 
and  of  Us  tupplement,form  an  harmonic  pencil 

Teeokem  VII. — If,  from  the  eummite  of  any  Fig.  411. 
triangle,  ABC,  through  any  point,  P,  tJiere  be 
drawn  the  traneversaU  AD,  BE,  CF,  and  the  trane- 
vereal  ED  be  drawn  to  meet  AB  prolonged,  in  V, 
the  pointe  F  and  F'  will  divide  the  base  JlB  har- 
monieally.  

A  F   B      r 

This  maj  be  otherwise  expressed,  thus : 

The  line,  CP,  which  Joine  the  intertection  of  the  diagonals  ofan$  quadrilateral, 
ABDE,  vfith  the  point  of  meeting,  0,  of  two  opposite  eides  prolonged,  c%Us  the  Ms 
AB  in  a  point  F,  which  is  the  harmonic  conjugate  of  the  point  of  meeting,  F,  ^ 
the  other  two  sides,  ED  arul  AB,  prolonged. 

For,  by  Theorem  L,  AF*  X  BD  X  CErsF'B  X  DO  X  EA;  and 
by  Theorem  HI,  AF  X  BD  X  OE  =  FB  X  DO  X  BA; 
whence  AF-.FBr-.AFrFB. 


THE  COMPLETE  QUADRILATERAL. 

A  Complete  Quadrilateral  is  formed  by 
drawiDg  any  foar  straight  lines,  so  that  each 
of  them  shall  cut  each  of  the  other  three,  so 
as  to  giye  six  different  points  of  intersection. 
It  is  so  called  becanse  in  the  figure  thns 
fonned  are  fonnd  three  quadrilaterals ;  viz., 
in  Fig.  412,  A6CD,  a  common  convex  quadri- 
lateral ;  EAFO,  a  uni-eoncave  quadrilateral ; 
and  EBAFD,  a  bi-concave  quadrilateral,  com- 
posed of  two  opposite  triangles. 

The  complete  quadrilateral,  AEBCDF,haB 
three  diagonals;  yiz.,  two  interior,  AC,  BD; 
and  one  exterior,  EF. 

Thxorvm  VIII — In  every  ooicplbte  quadbilatxsal  the  middle  points  of  its  three 
diagonals  lie  in  the  same  straight  line, 
AEBCDF  is  the  quadrilateral,  and  LMN  the  middle  points  of  its  three  diago* 
From  A  and  D  draw  parallels  to  BO,  and  from  B  and  0  draw  parallels  t« 
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AD.  The  triangle  EDO  being  out  bj  ihe  tnusyenal  BF,  we  faaye  (Theorem  t\ 
DF  X  GB  X  EA  =  OF  X  EB  X  DA.  From  the  eqoidity  of  perallele  between 
jMurallela,  we  have  OB=±E'B\  EAssCA',  EB  =  DB',  DA  =  E'A'.  Hence,  the 
abore  eqnation  becomes  DF  X  E'B'  X  OA'  =  OF  X  DB'  X  E'A' ;  therefore^  by 
Theorem  U,  the  pointa^  F,  B',  A',  lie  In  the  same  straight  line.  Now,  since  the 
diagonals  of  the  parallelogram  EOA'A  bisect  each  other  at  N,  and  those  of  the  par- 
allelogram EBB'D  at  M.  we  haye  EN :  NA' : :  EM :  MB'.  Then  MN  is  parallel  to 
FA';  and  we  haye  EN :  NA' : :  EL :  LF,  or  EL  =  LF,  so  that  L  is  the  middle  of 
EF,  and  the  same  straight  line  passes  through  L,  M,  and  N. 

Thvorsx  IX.— /»  mwy  eompUU  quadrilttUral  each  of  the  three  diag<mal$  if 
dinded  harmonicaliy  by  the  two  othere. 

OEBADF  is  the  complete  quadrilateral  Flg.41& 

The  diagonal  EF  is  diyided  harmonically  at 
O  and  H  by  DB  and  AO  produced;  since 
AH,  DE,  and  FB  are  three  transTersals 
drawn  from  the  summits  of  the  triangle 
AEF  through  the  same  point  0 ;  and  there- 
fore, by  Theorem  YU,  DBG  and  AOH  di- 
Tide  EF  harmonically. 

So  tofl^  in  the  triangle  ABD,  OB,  GA,  OD, 
are  tho  three  transyersals  pasung  through  0 ;  and  G  and  E  therefore  divide  the 
diagonal  BD  harmonically. 

So  too^  in  the  triangle,  ABO,  DA,  DB,  DO  are  the  transvenals^  and  H  and  X 
the  points  which  diyide  the  diagonal  AO  harmonically. 

THBoamc  X.— Tji^yVwn  a  point.  A,  any  nwn-  Flf.  414. 

ber  of  linee  be  drawn,  cutting  the  eidea  of  an 
amgU  POQ,  ike  intereeetione  of  the  diagonale 
of  the  quadrilmterale  thue  formed  will  all  lie 
in  the  eame  ttraight  line  paeting  through  the 
ammnit  of  the  angle. 

By  the  preceding  Theorem,  the  diagonal  ,      

BO' of  the  complete  quadrilateral,  BAB'O'CO,^         ^  CO-  Q 

is  diyided  harmonically  at  D  and  £.  Hence,  OA,  OP,  OD,  and  OQ,  form  an  har- 
iBonic  penoiL  So  do  OA,  OP,  OD',  and  OQ.  Therefore^  the  lines  OD,  OD'  tm- 
flide.    So  for  the  other  intersectiaQs. 

If  the  point  A  moyes  on  OA,  the  line  OD  is  not  displaced.  I^  on  the  contraiy, 
OA  fe  displaced,  OD  turns  around  the  point  O.  Hence,  the  point  A  is  said  to  be  a 
pelt  with  respect  to  the  line  OD,  which  is  itself  called  the  jMlar  of  the  point  A. 
Similarly,  Die  a  pole  of  OA,whidi  is  the  polar  of  D.  OD  is  likewise  the  polar  of 
any  other  point  on  the  Une  OA;  and  this  property  is  necesnrily  redproeal  for  the 
two  eon|ugate  radii  OA,  OD,  with  respect  to  the  Unes  OP,  OQ,  whidi  are  also 
eonjugate  radii  Hence ;  In  eyery  harmonic  pandl,  eadi  of  the  radii  is  a  poUr 
with  reqfMct  to  each  point  of  ita  eanjqgate;  and  eaeb  point  of  this  latter  Um  is  a 
pale  with  respect  to  the  lonn«. 


DSX0H8TBATI0H8.* 

PART  n. ;  CHAPIER  V. 

(140)»  (141)  The  eqnalitj  of  the  triangles  fonned  in  theae  methodi  proTCf 
their  eometDeM. 

(143)y  (144)  Thcee  methods  depend  on  the  principle  of  the  square  of  the 
hjpothenuae. 

(146)  CAD  is  an  angle  mseiibed  in  a  semieircle. 

(146)  Let  fiUl  a  perpendienlar  from  B  to  AG,  meenng  it  at  a  point  E,  not 
marked  in  Fig.  91.    Then  (Legendre,  IV.  12), 

AB«=:AC«  +  BC«  — 2  AC.OE;  whence  CE  =  ^^+^=1^. 

BC? 
When  AG  sAB^  this  becomes  ^^  =  r~7n*  The  similar  triangles,  BGE  and  DCA, 

giTe  SG    GB : :  AG  :  CD;  whence  # 

(14T)  Mark  a  point,  G,  m  the  middle  of  DF,  and  join  GA.    The  triangle  AGD 

will  then  be  isosceles^  since  it  ib  )eqnal  to  the  isosceles  triangle  ABC^  having  two  sides 

and  the  indoded  angle  equal  Then  AG  =s  GD  =  AB  =  GF.   The  triangle  AGF  is 

then  also  isosceles.  Kow  the  angle  FAG  =  i  AGD ;  and6AD  =  iFGA.  Therefore 

FAG  +  GAD  =  FAD  =  i  (AGD  +  FGA)  =  i  (180*»).=  90°. 

(140)  See  Part  YII,  Art  (408). 

(IM)  The  proof  follows  from  the  equal  triangles  formed. 

(161)  The  proof  is  found  in  the  first  half  of  the  proof  of  Art  (146). 

(158)  AGP  is  an  angle  inscribed  in  a  semidrde. 

(164)  Draw  from  G  a  perpendicular  to  the  giren  line,  meeting  it  at  a  point  K 

AC* 
As  in  the  proof  of  Art  (146^  changing  the  letters  suitably,  we  have  AE=       ^ 

Ihe  similar  triangles  AEG  and  ADP  gire 

(IM)  Similar  triangles  prove  this. 

(166)  The  equal  triangles  which  are  formed  give  BP  ^  GF.    Hence  FP  if 
parallel  to  BG,  and  consequently  perpendienlar  to  Uie  given  line  DG. 

(16T)  The  proof  of  this  is  found  in  the  *'  Theory  of  Transversa^*  corollary  8. 

(166)  The  proof  of  this  is  the  same  as  the  last 

(161)  The  lines  are  parallel  because  of  the  equal  angles  formed. 


*  Addltloiul  lines  to  thd  flgores  la  the  text  will  somellmes  be  emTsAojtd,   Tb«  stadent  ihoiiH 
diaw  tiMBft  OB  the  flgurei^  as  dlrsetod. 
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(169)  The  equal  triangles  gire  equal  anglea;  and  therefore  paralleU 

(163)  AB  la  parallel  to  PF,  since  it  cnta  the  sides  of  the  triangle  proportioiiallj. 

(164)  The  proof  la  found  in  corollary  4  of  **  Transversals.* 

(165)  From  the  similar  triangles,  CAD  and  C£P»  we  hare  CE  :  CD : :  CP :  GA. 
From  the  similar  triangles,  CEF  and  CBD,  we  have  CE :  CD : :  CF :  CB.  These 
two  proportions  give  the  following;  CP :  CA : :  CF :  CB.  Therefore  PF  is  par- 
allel to  AB. 

(166)  Draw  PE  The  simQar  triangles  PCE  and  AOD  give  P£ :  CE : :  AD :  CDi 
The  similsr  triangles  CEF  and  CDB  give  £F :  CE : :  DB  :  CD.  These  proportions 
prodnce  PE  :  £F  : :  AD :  DB.  Hence  PEF  is  similar  to  ADB,  and  PF  is  parallel 
toAE 

(173)  The  equality  of  the  symmetrical  triangles  which  are  formed,  proves  this 
method. 

(174)  ABP  is  a  transversal  to  the  triangle  CDR  Then,  by  Theorem  L  of 
•«  Transversals^"  CA  X  EB  X  DP  =  AE  X  BD  X  CP ;  whence  we  have 

CP :  DP : :  CA  X  EB  :  AE  X  BD. 
By  "division,"  CP  — DP :  DP  ::  CA  X  EB  — AE  X  BD  :  AE  X  BD. 

Hence,  since  CP  — DP  =  CD,  we  obtain  DP=;     I>C  X  AE  X  BD 


CAXEB  — AEXBD 


The  other  formulas  are  simplified  by  the  common  factors  obtained  by  makiog 
AE  s  AC,  or  BE  s=  BD. 

(175)  By  Theorem  VIL  "  Harmonic  Division,"  m  the  quadrilateral  ABED,  the 
line  CF  outs  DE  in  a  point,  L^  which  is  the  harmonic  conjugate  of  the  point  at 
which  AB  and  DE,  produced,  would  meet  So  too,  in  the  quadrilateral  DEHK^ 
this  same  ilne^  CG,  produced,  cuts  DE  in  a  point,  L,  which  is  the  harmonic  cooju* 
gate  of  the  point  at  which  DE  and  EH,  produced,  would  meet  Consequently, 
AB,  DE^  and  EH  must  meet  in  the  same  point.  Othsrvin;  this  problem  may  be 
regarded  as  the  converse  of  Theorem  X.  of  **  Transversals,"  BCA  being  the  aog^e^ 
and  P  the  point  from  which  the  radiating  lines  are  drawn. 

*  (176)  EQCFDH  is  the  "  Complete  Quadrilateral"  Its  three  disgonals  are  F^ 
DC,  and  HQ;  and  their  middle  points 'A,  B,  and  P  lie  in  the  same  straight  line,  hy 
our  Theorem  VIIL 

(1§9)  This  instrument  depends  on  the  optical  principle  of  the  equality  of  the 
angles  of  incidence  and  reflection. 

(1§4)  The  first  method  given,  Fig.  120,  is  another  application  of  the  Theoiy  of 
Transversala  The  second  method  in  the  article  is  proved  by  supposing  the  figure 
to  be  constructed,  in  which  case  we  should  have  a  triangle  QZR,  whose  base,  QS, 
and  a  parallel  to  it,  BD,  would  be  cut  proportionally  by  the  required  line  FSZ ; 

so  that  QR :  BD  : :  QP:  BS  =  55^-^. 

(1§0)  By  "Thmsversals,"  Theorem  I,  we  obtain,  regarding  CD  as  the  trans- 
versal of  the  triangle  ABE.  CBX  AFXED  =  ACXFExDB;  and  since  £D=DB^ 
this  becomes  CB  X  AF  =  AC  X  FE ;  whenceHhe  proportion  CB  :  AC  : :  FE  :  AF, 
By  "division,"  we  have  CB  — AC  :  AC  ::  FE— AF  :  AF.      Observing   that 

OB  — ACseAB,  we  obtain  AB=^  .  (FB  — AF). 


App.  B.]  For  Part  IL)  Chapter  T. 

(190)  Take  CH^OB ;  and  from  B  let  fall  a  perpen- 
dionlar,  BK,  to  AO.    Then,  in  the  triangle  CBH,  we  haye      A, 
(Legendre  IV.  12^ 

.^^      CH«+BH«— BC"      BH*  ..t 

™="  2CH =2-B6'  W 

■iiioe  GHssBa 
In  the  triangle  ABH,  we  bare  (Leg.  lY.  18) 
AB«  =  AH«+ BH«  + 2  AH. HK. 
Sabetitnting  for  HE,  its  value  from  [1],  we  get 

AB«  =  AH«  +  BH^(l  +  ^). 

Bat  AH=sAO-CH  =  AC^BO    . 

...  AB«  =  AH«  +  BH«(l  +  ^?^)=AH-+BH«.|g.  [2] 

In  the  above  expression  for  AB,  BH  is  unknown.    To  find  it,  proceed  thu& 

Take  OF  =  CD.    Then  DF  is  parallel  to  BH ;  and  we  have  CD  :  GB  : :  DF  :  BH ; 

whence  ->—      ~— *  OB*  ,  , 

^""^  BH«=DP.^,.  [«] 

In  this  equation  DF*  is  unknown ;  but  by  proceeding  as  at  the  beginning  of  this 

CB 
investigation,  we  get  an  equation  analogous  to  [2],  giving  ED*  ^EB*  +  DF" .  •= ; 
__  •  ^^ 

whence  DP  =  (Di?— EE^ .  ^. 
Snbstitating  this  value  of  DF*  in  [8],  we  have 

Substituting  this  value  of  BH*  in  [2],  we  have 
ABS=AH«+(DE'-KFO .  ^^=(AC-BO)'+pE^  (OE-.OD)']X^^ 

(101)  Since  BCD  is  a  right  angle,  AC  is  a  mean  proportional  between  AB 
and  AD. 

(109f>  fhe  proof  follows  from  the  similar  triangles  constructed. 

(103)  The  similar  triangles  give  DE :  AC  : :  DB :  AB ;  whence,  by  ''division,'* 
D£— AC  :  AC  ::  DB  — AB:  AB;  whence,  since  DB— ABssAD,  we  have 

_ACXAD 
DE-AC* 

(104)  From  the  similar  triangles^  we  have  DE  :  CA : :  EB  :  AB ;  whence 
DE— CA  :  CA  ::  EB— AB  :  AB;  whence,  since  EB  — ABsAE,  we  get 
,^_ACXAE 

^-^^AO- 

(105)  The  triangles  DEF  and  BAF,  similar  because  of  the  parallelogram  whidi 
IS  constructed,  give  FB:ED::AF:AB==?5><^=:^^^ 

ACyDC 
The  triimgles  DEF  and  BCD  give  sipoikrly  FE :  ED : :  DC  :  CB  =  — ^ — . 
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(106)  The  equality  of  the  triaogleB  formed  proves  thU  problem.       • 

(197)  The  proof  of  this  problem  also  depends  on  the  equality  of  the  triaaglet 
eoDBtructed.    The  details  of  the  proof  require  attention. 

(198)  E6  is  the  transrersal  of  the  triangle  AGD.  Consequently,  CBx  AFxDB 
=  ABXFDXCE;  or,8inceOB  =  AB+AC»(AB+AC)XAFxDE=iABxFDxCE- 

whence  AB=       ^CxAFxPE 

FDXCE— AFXDE" 

Taking  £»  in  the  middle  of  CD,  CE  =  DE,  and  those  Imes  are  canoelled  Taking 
F  in  the  middle  of  AD,  AF  =  FD,  and  those  lines  are  cancelled. 

(199)  Hie  line  BE  is  harmonically  divided  at  the  points  H  and  A,  from  Theorem 
IX,  ECFBGD  being  a  "*  Complete  Quadrilateral"  Consequently,  AE :  EH : :  AB :  HB. 
Hence,  by  "division,"  AE-*£H:  A£  ::  AB— HB:  AB.    We  therefore  have^ 

since  AB-HB  =  AH,  AB  =  ^|^^. 

(900)  For  the  same  reasons  as  in  the  last  article,  CF  is  harmonically  divided  at  H 
andD;andwehaveCH:HF::  CD:DF;  whence CH—HF:CH: :  CD— DF:  CD. 

Hence^  since  CD  — DF  =  CF,  CD  =  ^?-^^. 
The  other  two  expressions  come  from  writing  CF  as  CH  +  HF,  and  HF  aa 

CF— ca 

(901)  The  equality  of  the  triangles  formed  proves  the  equality  of  the  corre- 
sponding sides  KD  and  D£^  Ac. 

(909)  The  similar  triangles  (made  so  by  the  measurement  of  CE)  give 
CD:DE::CA:AB=.^^?. 

(903)  The  similar  triangles  (made  so  by  the  parallel)  give  CE :  EA : :  CD :  AB 
_  CDXEA  _  CDX(AC— CE) 
^      CE      "^  CE 

DFXCD 


FH 


(904)  The  similar  triangles  DFH  and  BCD  give  HF :  FD  : :  DC :  BC =- 

6H 
The  similar  triangles  FGH  and  ABC  give  FG  :  GH  : :  BC  :  AB  s=BC  ==-. 

Substituting  for  BC,  its  above  value,  we  have  ABss  — == — =^ — . 
When  CD  =  CE;  DF  s=  CD,  whence  the  second  formula. 

(905)  The  equality  of  the  symmetrical  triangles  which  are  formed,  proves  tlia 
eqoalityof  A'B' to  AB. 

(906)  The  proof  of  this  is  similar  to  the  preceding. 

(90T)  Because  the  two  triangles  ABC  and  ADE  have  a  oommoa  angle  at  A, 
we  have  ADE  :  ABC  ::  AD  X  AE :  AB  X  AC ;  whence  the  expression  for  ABa 

(908)  From  B  let  fall  a  perpendicular  to  AC,  meeting  it  at  a  point  B'.  Oall 
this  perpendicular  BB'  =:p.  From  D  let  fsdl  a  perpendicular  to  AQ  meeting  it 
•t  a  point  D'.    Call  this  perpendicuUir  DD'  sr  g. 


[app.  3.]  For  Part  ¥.  J9» 

Tbe  qoadrilateral  A6CD  »  AC  X  i  (/>  +  9> 

The  triaogle  BGE  ssGE  X  J  p ;  whence  p  =    '       ■ . 

The   Bunilar  triangles  EDIV  and  B£B'  give  p  :  q  :  :  BE  :  DE^  whence 
—    DE^a.BCExDE 
'"■'^BE""     CEXBE    ■ 
^      w     .     X      BOE  ,  BOEXBE     ^^  ^  BE+DE     ^^„  BD 

^-Mi>  +  9)=-cF  +  -^xM=^^^CE?M==^^^^CE3^ 

I«tiy,ABCD  =  ACXBCEx^^  =  BCBx^g^ 


DEMONSTRATIONS  FOR  PART  V.  % 

(389)  Let  B  =  the  meaflcied  inclined  length,  b  =s  thia  length  reduced  to  a 
horiiEontid  plane,  and  A  =  tho  angle  which  the  measured  base  makes  with 
the  horizon.  Then  6  =  B  .  co«.  A  and  th6  excess  of  B  oyer  6,  I  e., 
B  —  6  =  B  (1  —  COS.  A).  Since  1  —  cos.  A  ^  2  (sin,  i  A)"  [Trigonometry, 
Art  (9)1  we  have  B-.6  =  2  B  (sin.  i  A)»  Substituting  for  sin.  i. A,  its 
approximate  equivalent^  i  A  X  sin.  1'  [Trigonometiy,  Art  (6)],  we  obtain 
B-.6  =  2  B  (i  A  X  sin.  I7  =  i  (sin.  1')*.  A*.  B,  s=  0.00000004281  A*  R 
By  logarithms,  log.  (B—-  6)  =  2.626422  4-  2  log.  A  +  log.  R  The  greater  precision 
of  this  calculation  than  that  of  6  =  B .  cos.  A,  arises  from  the  slowness  with  which 
the  cosines  of  very  small  angles  increase  or  decrease  in  length. 

(386)  The  exterior  angle  LER  =  LCB  +  OLD.    Also,  LER  =LDB  +  CRD. 

.•.LOR+CLD=LDR+CRD,     and  LCR  =  LDR+ORD-OLD. 

CD 
From  the  triangle  CRD  we  get  sin.  CRD  as  sin.  CDR  X  ;^. 

From  the  triangle  CLD  we  get  sin.  CLD  =  sin.  LDC  X  ;^. 

As  the  angles  CRD  and  CLD  are  very  small,  these  values  of  the  sines  may  be 
called  the  values  of  the  arcs  which  measure  the  angles,  and  we  shall  have 

LCR  =  LDR  +  8in.  CDR  X  ^— sin.  LDC  X  ^. 

The  last  two  terms  are  expreased  in  parts  of  radius^  and  to  have  them  in  seconda^ 
they  must  be  divided  by  sin.  1"  [TngTmumetry,  Art  (6),  Note],  which  gives  the 
formula  in  the  text  Otherwise,  the  correction  being  in  parts  of  radius,  may  be 
brought  into  seconds  by  multiplying  it  by  the  length  of  the  radius  in  seconds ;  I  e, 
180^  ^  60  y  60 
'    8  14159  Ac    ^  206264".80625  [Trigonometry,' Art  (2)]. 

(391)  The  triangles  AOB^  BOO,  COD,  Ac,  give  the  following  proportions 
[Trigonometry,  Art  (12),  Theorem  L]  ;  AO  :  OB  : :  sia  (2)  :  sin.  (1) ; 
OB :  00 : :  sin.  (4) :  sia  (8) ;  00  :  OD : :  sin.  (6) :  sia  (5) ;  and  so  on  around  the 
polygoa  Multiplying  together  the  corresponding  terms  of  all  the  proportion^ 
the  sides  will  all  be  cancelled,  and  there  will  result 

1:1:  :.8in.  (2)  X  sia  (4)  X  sin.  (6)  X  sia  (8)  X  sin.  (10)  X  sia  (12)  X  sia  (14) : 

sia  (1)  X  sia  (8)  X  sia  (6)  X  sia  (7)  X  sia  (9)  X  sia  (11)  X  sia  (18). 
Hence  the  equality  of  the  last  two  terms  of  the  proportioa 
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DEMONSTKATION  FOR  PAET  71 
(8M)  In  ih«  tmngla  ASS,  we  have 

^n    ABB.™   PAH  ..    AW.flB  — ^l^^!llM  — ?:™lE  fl"* 

■ii.ASB:iui.BAS::AB:8B  =  -2— gg-  =  -^^^^.  p) 

Id  tlie  triangle  OBS,  we  bare 

•m.  BBC  am.  S  ^  -* 

-,         e. sin.  XT      a.siiLY      ,  .     n»     •    tt  •    a     •    tr ^  r«i 

Hence,  — : — =—  as  — : — ^n- ;  whenceL  e .  am.  S  .  am. TJ— a.  am. S .  am.  Y^K  [8] 
am.  8  ein.  8  *•  -■ 

In  the  quadrilateral  ABOS,  we  have 
BCSssSetS^  —  ASB— BSO— ABC  — HAS;  or  Vs=8«0'— S— S'— B— U. 

LetT  =  860*  — 8  — 8'  — B,andwehaveV  =  T  — IT.  [Q 

Subatitating  thia  yalue  of  V,  in  equation  [8],  we  get  [Trig.,  Art.  (8)], 

0.ainS'ain.ir  — a.8in.S(BiaT.co8.TJ—- co8.T.aia  ir)sa 

DiTiding  by  aia  TJ,  we  get 

e.aia8'  — a.ain.S  (ain.  T.?^  — ooa.T)  a=a 
\  ein.  U  / 

Whence  we  hare 

008.  IT         ^  _.      c .  Bin.  8'  4-  a .  ain.  8 .  008.  T 
Bin.  U  a .  ain.  8 .  ain.  T 

Separating  thia  ezpreaaion  into  two  parta^  and  cancelling,  we  get 
_       c.8in.8'  coa.T 

^^  ^""a.ain.  8.ain.T"'"ain.  r 

Separating  the  aeeond  member  into  factors,  we  get 

^  _      coe.T  /      c.ain.  S'         ,  ,\ 

ootUss  -: — -  I ; — --4.1);  or 

am.T\a.8m.8.ooaT^    /' 

Having  fonnd  IT,  equation  [4]  givea  V ;  and  either  [I]  or  [2]  giree  SB;  moA 
SA  and  SO  are  then  given  bj  the  fiyniliar  **  Sine  proportion"  [Trig^  Art  (12)]. 


Avr.  a.]  F«r  Part  ?II.  9M 


DEMONSTRATIONS  FOR  PART  VIL 

OP 
(40S)  If  APO  be  a  rifl^t  angle^  ^  =soo&  OAB  [Trigooomeiiy,  Art  (4)]. 

(4M)  AG  s  PO .  tan.  APC ;  and  GB  ss  PC .  taa  BPO  [Trigonometry,  Art.  (4)]. 
Hence  AO  :  CB ::  taa  APC  :  tan.  BPC;  and 

AG  :  AC  +  OB  ::  taa  APO  :  tan.  APC  +  tan.  BPO.  ' 

CoDeeqaenUy,ainceAO  +  OB  =  AB,      AC  =  AB  •  jj^j-jgl^^P^.. 

(414)  The  equal  and  supplementary  angles  formed  prove  the  operation. 

(491)  In  Fig.  285,  CA :  £0 : :  AB :  OR     By  ''diyinon,"  GA— EG :  EG : : 
AB  — GB  :  GB.     Hence,   obeenring   that   AB  — GBssAG,  we   shall  hare 

GB(CA--EG) 
^^ EG  ' 

(493)     Art   (12),   Theorem  HL,    [Trigonometry,   Appendix  A,]   gives 

ooslGs — ~-r ;  orc»  =  fl^+6«  — 2a6.coa,  a     This  becomes  [Wg.,  Art 

2  OQ 

(6)],  E  being  the  supplement  ofO,  «'=:(^+^  +  2<i^.cos.K.  The  series  [Trig. 
Art  (5)]  for  the  length  of  a  cosine,  gives,  taking  only  its  first  two  terms^  since  K  is 
veiy  small,  cos.  E  =  1  •—  i  E*.    Henee^ 

c«=:(^+6«+2a6  — <iAE«  =  (a+6)«-a6E«=:(a  +  6)«(l—  1^); 
whence,  e=(a  +  6)|/(l-^-jy,). 

Developing  the  quantity  under  the  radical  sign  by  the  binomial  theorem,  and  neg- 
lecting the  terms  after  the  second,  it  becomes 

Substituting  for  E  minutes,  E .  sin.  1'  [Trig.,  Art  (6)],  and  performing  the  multi* 
plication  by  a  -f*  ^>  ^^  obtain 

<iAE».(8ia  1')*     „     (sin.  lO*      ^^«^«^^^«««h« 

esza+b ^,   \   .,     .    Now ^ — —-^  =  0.0000000428079 ; 

2  (tf  +  0)  2 

oiE* 
whence  the  formula  m  the  text,  0  =  0  +  6  —  0.000000042808  X  — r-r- 

a  +  b 

(4S0)  In  the  triangle  ABC,  designate  the  angles  as  A,  B,  C ;  and  the  sides  op- 
posite to  them  as  a,  6,  e.    Let  CD  =  d    The  triangle  BCD  gives  [Trig,  Art.  (12), 

_.  „  ,  sin.  BDO     --    ,  .      ,    ^  ««>..,    ,      .       ,       ,    sia  ADC 

Theorem  IJ,  a = <i  -: — -g-.    The  tnangle  ACD  similarly  gives  6  =  rf  •  -, — ^^j=. 

In  the  triangle  ABC,  we  Have  [Trig.,  Art  (12),  Theorem  IL], 
tan.  4  (A  — B) :  cot  i  0  ::  a  — 6  :  a  +  6; 

whence  taai(A  — B)=:?^.cot  iC.  [1] 

Lei  K  be  an  auxiliary  angle,  such  that  5sa.taa  E;  whence  tan.  Ess-*. 
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DiTidio^  the  leoond  member  of  eqaetion  [1],  abore  and  below,  bj  a^  and  aobetita* 

tiDg  taa  E  for-,  we  get  tao.  i (A  — B)  =  ^7!^°'^  •  eoL i G 
a  1  -f-  tan.  Jk 

Sinee  taa  46^  s=  l,  we  maj  lubstitate  it  for  1  in  the  preceding  ei^ itatiaii,  and 

AX       ,  /  A       -Dx      **D-  *6*  —  tan.  K      ^  .  ri 
w.  get  t«L  i  (A-  B) =t^^,*^.^g-cot  i  0. 

From  the  ezpreasion  for  the  tangent  of  the  difference  oi  two  area  [Trig.,  Art 
(8)],  the  preceding  fraction  redncea  to  tan.  (46^  —  E) ;  and  the  aquation  beoomea 

taai(A— B)  =  tan.(46''  — E).eotia  [S] 

In  the  equation  tan.  E  =  -,  snbstitnte  the  yalaet  of  b  and  a  from  the  formulae 
at  the  beginning  of  this  inyestigatioa    Thia  giyes 

_^      ain.  ADO^  -  am.  BDO^^ain.  ADO.ain.  CBD 
aiaCAD  '       ain.  CBD  ""  ain.  CAD .  aia  BDCT 

(A  —  B)  ia  then  obtained  by  equation  [2] ;  (A  -f-  B)  ia  the  anpplement  of  C  • 
therefore  the  angle  A  ia  known. 
Th  ^.p_a.ain.O__<f.  ain.  BDO .  ain.  ACB 

c  —  AB—   ^^    —  ain.  CBD. aia  CAB  * 

The  nae  of  the  anxiliarj  angle  E,  ayoida  the  calculation  of  the  aidea  a  and  b, 

(434)  In  the  figure  on  page  292.  produce  AD  to  aome  point  F.    The  ealerior 

anglea.  EBCsA  +  P;    ECD=sA  +  Q;    £DF  =  A+R.     The  triangle  ABB 

BE      ain.  A     ^    ,.      ,     ^^„    .  OB        ain.  A      ^.  .,.  , 

giyea  —  =  -: — =7.    The  tnangle  ACB  giyea  — ; —  =  -. — ^.     Diyiding  member 
"         a       am.  P  "*  ®        a  +  «      am.  Q  ® 

,  ,  ^BE  a.ain.  Q 

by»ember,w.getgg  =  j;^^p.j^^^-p 

In  the  aame  way  the  trianglea  BED  and  CED  giye  7-; — gg'!"'^^      rli 
^  ^  °       b  +  x      ain.(R— P) 

,CE      ain.(A  +  R)     __  ^  ^      BE      (6  + «) ain.  (R  —  Q) 

and  -r-  ss  -^— i— -i_~/.    Whence  aAefore,  ==  =s     T    •    /»      n.     ^ 
b       am.(R  — Q)  ^CE  6.am.(R— P) 

Equating  theae  two  yaluea  of  the  aame  ratio,  we  get 

a.ain.  Q  (6  +  a?)  ain.  (R  —  Q)         ,   . 

,     i     .   .     i>=     .     .     /p      m      >  Mid  thence 
(a  +  «)8in.  P  6.Bm.(R  —  P) 

a5.ain.Q.8in.  (R— P) 
ain.P.aia(R^Q)     ~(^  +  ^)  (^  +  *)  =  <^+ (^  +  ^)*  +  ^- 

To  Bolye  thia  equation  of  the  2d  degree,  with  reference  to  x^  make 

tiiiL«E=-iilL.    "P-QCMnR  — P) 
(a— 6)«'ain.P(BiaR— Q)' 

Then  the  firat  member  of  the  preceding  equation  =^i  •  (a — i]*  X  tan.*  E «  and 
we  get  *      «»  +  (a  +  6)«=:^(a-^)«.tan.*E  — tt5, 

and  «=— *(a  +  6)db>/H(«  — ft)'-tan.«E  — a*  +  J(tt+6f] 

=  -»(«  +  *)  db  x/  [i  («-6)'.taa'E  +  i  (a-6)«] 

«_|(a  +  6)  ±  i  (a-6)  ^/ (tan.«  E  + 1). 

Or,aince^/(Un.«E  +  l)===aecantE===^.wehayex  =  -i±^±^i^^ 
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(493)  The  oontent  bdng  giyen,  and  the  length  to  be  f»  times  the  Ireadth 

/  /oontentv 
Breadth  X  n  times  breadth  =  oontent ;  whence,  Breadth  asi^  I 1. 

Giyen  the  content  =  c^  and  the  difference  of  the  length  and  breadth  =9<i;  to 
find  the  length  (  and  the  breadth  b.  We  have  /  X  i  =  c ;  and  /  —  6  =  d  From 
these  two  equations  we  get  /  =  ^ i+  i  V  (<^+  4 ^)^ 

Given  the  oontent  sse;  and  the  snm  of  the  length  and  breadth  =  « ;  to  find  /  and  6. 
We  have  lxh  =  e]  and  l+bssg;  whence  we  get  /  =  ^ « -f*  i  ^ (^^-4  e). 

(404)  The  first  mle  is  a  consequence  of  the  area  of  a  triangle  being  the  product 
of  its  height  by  half  its  base. 

To  get  the  second  rule,  call  the  height  h ;  then  the  base  s=  mh ;  and  the  area 
=  i  A  X  mA ;  whence  A = |/ (?-^^P?). 

For  the  equilateral  triangle,  calling  its  side  e,  the  formula  for  the  area  of  a  triangle 
>/[»•)(»•-«)(*•-*)»•-«)] 'edtt<»»toi*»v'8.  Hence «  =  2|/(^) 
BsLsmV  area. 

(405)  By  Art  (65),  Note,  i.  AB  X  BO  X  sin.  B ss oontent  of  ABO;  wheneeb 
2XAB0 

AB.8in.B' 

oo  /  /*l  X  area\ 

(4IKI)  The  area  of  a  circle  =  radius*  X  -=- ;  whence  radius:=  i/ 1 — — — 1 

(407)  The  blocki,  including  half  of  the  streets  and  avenues  around  them,  are 
900  X  260  =s  284000  square  feet  This  area  gives  64  lots ;  then  an  acre,  or  48660 
feet,  would  give  not  quite  12  lots. 

(503)  The  parallelogram  ABDO  being  double  the  triangle  ABO,  the  proof  for 
Art  (496),  slightly  modified,  applies  here. 

(504)  Produce  BO  and  AD  to  meet  in  BL 
By  similar  triangles,  B 

ABE :  DOE : :  AB« :  DG». 
ABE  — DOE:  ABE::  AB"— DO*:  AK*     F 

Now  ABE  — DOE  =  ABCD;   alsc^  by 
Art  (66),  Note, 

ABE=AB».5?lAl^. 
2.sin.(A+B) 

Tlie  above  proportion  therefore  becomes 

ABODrAB'.^'^/;"":^  >;AB«---OD':AB'. 
2.sui.(A  +  B) 

Multiplying  extremes  and  means,  cancelling,  transposing,  and  extracting  the  sqiiara 

^..^c-/["--'-T'.!^1.^°']- 

26 


Flg.846;bfi. 
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When  A  -f  B  >  180^  ua  (A  +  B)  is  n^gAtiye^  and  therefore  the  fraetioD  in 
whieh  it  ooenn  becomes  positiye. 

OF  being  drawn  panJlel  to  DA,  we  have 
A  •v     «.y«      •»««     BUI.  B        -_-^  sin.  B  y .  •%      rwvx       wo*  B 

^'^•^^-asiBOT'^^-SMiSo-z:^^ 

BC=s(AB-OD)  .   "'1:1^,. 
^  ^sm.  (A  +  B) 

(605)  Since  similar  triasglee  are  as  the  squares  of  their  homdogoiia  side% 
BDE :  BFG : :  BD» :  BP« ;  whence  BF = BD|//?~  V 

(Me)  BFGsi.BF  X  FGrsi.BF  X  BF.tan.  B ; 

(511)  Hie  final  fonntda  results  from  the  proportion 

FAE :  CDE : :  A£* :  ED*. 

(519)  Since  triangles  whieh  have  an  angle  in  each  equal,  are  as  the  prodoeteflf 
the  sides  about  the  equal  angles  we  hare 

ABE :  CDE : :  AE  X  BE :  CE  X  DK 

ABE^^ABV'^f;'!^^.  AE==AB.55l4 

BU.(A  +  B)  sm.  K 

Sin.  E;  sin.  DGeT 

Substituting  these  Tslues  in  the  preceding  proportion,  canoeUing  the  commoo  fsc^ 

ton^  observing  that  sin.  (A  +  B)  =  sin.  E,  multiplying  extremes  and  means^  and 

,.  ,,.  .  ^,3,         //2.CDE.«in.DCE\ 

dividing,  we  get  DE  =y^(-__^-.^^| 

(515)  The  first  formula  is  a  consequence  of  the  expression  for  the  area  of  a 
triangle,  given  in  the  first  paragraph  of  the  Kote  to  Art  (65). 

(517)  The  reasons  for  the  operations  in  this  article  (which  are  of  very  frequent 
occurrence),  are  self-evident 

(51  §)  The  expression  for  DZ  follows  from  Art  (66),  Kote.    The  proportion  in 
the  next  paragraph  exists  because  triangles  having  the  same  altitude  are  as  their 


(510)  By  construction,  6P0  ss  the  required  content    Kow,  GPC  s  GDQ  since 
they  have  the  same  base  and  equal  altitudes.     We  have  now  to  prove  that 
LMG  ss  GDC.    These  two  triangles  have  a  common  angle  at  G.    Hence,  they  srs 
to  each  other  as  the  rectangles  of  the  adjacent  sides;  L  e^ 
GDC :  LMC : :  GC  X  CD : :  LC  X  CM: 

Here  CM  is  unknown,  and  must  be  elhninated.    We  obtain  an  ezpressieii  for  it 
by  means  of  the  similar  triangles  LCM  and  LEP,  which  give 
LE:LC::EPsCD:GM. 
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Eenoe,  CM=s — — — .    Subetitnting  thiayalne  of  CM  in  the  fint  proportiozi, 
and  canoelling  CD  in  the  last  two  terms,  we  get 

GDC:  LMC ::  GO  :  ^;  op  GDO  :  LMO : :  GC  X  LE  :  LC«. 

LC«=:(LH  +  HC)«  =  LH«  +  2  LH  X  HC  +  HC*. 
But,  hf  eoDstniction, 
liEP  SB HK? = HE*— EK?  =  HEP— EC* = (HE+EO)  (HE — EC) = HC  (HE— EC), 

Also^  G0  =  2HC;  and  LE  =  LH  +  HE. 

Snbetitnting  these  yalnes  in  the  last  proportion,  it  becomes 

GDO :  LMO : :  2.HC(LH  +  HE) :  HO  (HE  — EC)  +  2  LH  X  HC  +  H0«. 
::2LH  +  2H£       :  HE  — E0  + 2  LH  +  Ha 

:  HE  — EC+ 2  LH+ HE  + EC. 
:  2HE  +  2LH. 

The  last  two  terms  of  this  proportion  are  thus  proved  to  be  equal.    Therefore,  the 
first  two  terms  are  also  equal ;  L  e.,  LMO  =s  GDO  ^  the  required  content 

Since  HE  =s  ^  (HE*  ^  EE'),  it  will  have  a  negative  as  well  as  a  positive  value. 
It  may  therefore  be  set  off  in  the  contrary  direction  from  I^  i  e.,  to  L'.  The  line 
drawn  from  L'  through  P,  and  meeting  OB  produced  beyond  B,  will  part  off  an^ 
Mer  triangle  of  the  required  content. 

(990)  Suppose  the  line  LM  drawn.  Then,  by  Art  (66),  Note,  the  required 
content,  «  =  j  •  CL  X  CM .  sin.  LCM.  This  content  will  also  equal  the  sum  of  the 
two  triangles  LOP  and  MOP;  i.  e.,  c  =  i  •  CL  X/>  +  i  •  CM  X  g.    The  first  ol 

these  equations  gives  CM  =  jt= — : — =-;=r^    Substituting  this  in  the  second  equa* 
K/Li .  sin.  JLiOM 

tion,  we  have  ,    ^^  ea 

Whence,  i  j> .  OL* .  sin.  LCM  +  eg  =:  c .  CL .  sin.  LCM. 

Transpofiing  and  dividing  by  the  coefficient  of  OL*,  we  g^i 

OL'_if.CL  = 1^2—. 

p  J) .  sin.  OLM 


^^i'^^ip-p.^lm)- 


If  the  given  point  is  cuttide  of  the  lines  CL  and  CM,  conceive  the  desired  line 
to  be  drawn  jfrom  it^  and  another  line  to  join  the  given  point  to  the  comer  of  the 
field.  Then,  as  above,  get  expressions  for  the  two  triangles  thus  formed,  and  put 
their  sum  equal  to  the  expression  for  the  triangle  which  comprehends  them  both, 
and  thence  deduce  the  desired  distance^  nearly  as  above. 

(592)  The  differenced;  between  the  areas  parted  off  by  the  guess  line  Afi,  #nd 
the  required  line  CD,  is  equal  to  the  difference  between  the  triangles  APC  and  BPD 

By  Art  (66),  Note,  the  triangle  APC  =  i>AP«.'!°'  f  /  '^°1^. 

sin,  (A  +  P) 

Ibiikriy  the  triangle  BPD  =  i .  BP«  ".°'  \  "TJ, 
'  ^  ^  Bia(B  +  P) 

.  .J— 1     ._j,sin.  A.sia  P       ,  _,_.    sin.  B.  sin.  P 


404  DEIHOIVSTRATIOISS  [apf.  b 

By  the  expreMion  fotnD.(a  +  b)  [Trigooometrj,  Art  (8)],  we  haye 

rip- A.milP XBP«. wa  B . an. P 

*  «iiLA.coi.P  +  Bm.P.cog.A      *         '  an.  B .  coa.  P  +  an.  P . co«.  F 

Diyiding  each  fraction  bj  its  numerator,  and  rememberiog  thai  -. —  =s  cot  a,  we 
have  ^  iAP»  iBF 


"cot  P  +  cot  A      cot  P  +  cot  B* 


For  conTenience,  let  ;>  ascot  P ;  a  s  cot  A ;  and  6 :=  cot  R  The  aboye  equaiiiMi 
will  then  read,  multipljing  both  sides  by  2, 

^^       AP"         BP« 
p+a      p+b 
Clearing  of  fractions^  we  haye 

2  dp«+ 2  <ia|)  +  2  rfftp  +  2  dii6=p .  AP»+ 6 .  AP«— p  .BP«  — a.BP«. 
Transposing,  dividing  through  by  2  d^  and  separating  into  factors,  we  get 
^  .   /     .   iL      AP»--BP«\         6.AP«-a.BP«        . 

i    ,^     AP«-BPn,      /r&.AP"-a.BP«       ^,     /    ,^     AP«-BPni| 

If  A  =  90^,  cot  A  =  a  =  0 ;  and  the  expression  reduces  to  the  simpler  fam 
given  in  the  article. 

(593)  Conceive  a  perpendicular,  BF,  to  be  let  fall  from  B  to  the  required  line 
DE.  Let  B  represent  the  angle  DBE,  and  iS  the  unknown  angle  PBF.  The  angle 
BDF=s90**— ^;  and  the  angle  BEF=  90°— (B  —  ^)  =  90'*--B  + 0.  By  Art 
^    .    ..  .  sia  BDE .  sin.  BED 

(66),  Note,  the  area  of  the  triangle  DBEs=i  Vi&  -    sin.  (BDE  +  BED)   "^ 

J  .  DE« .  «°-(»Q^-/^)»"-(gO'~B  +  ^) 


Hence,    DE*s 


sin.  B 

2  X  DBE  X  sin.  B  2  X  DBE  X  sin.  B 


sin.(90**--|S).8in,(90°  — B+/J)       ooa^.cos.  (B— 3)' 

Kow  in  order  that  DE  may  be  the  least  possible,  the  denominator  of  the  last 
fraction  must  be  the  greatest  possible.  It  may  be  transformed,  by  the  formula, 
cos.  a .  COS.  6  =s  i  cos.  (a  -(-  6)  +  i  •  <^<)0*  (<<  —  b)  [Trigonometry,  Art  (8)  ],  into 
\  COS.  B  •(-  i  •  cos.  (B  —  2  0).  Since  B  is  constant,  the  value  of  this  ezpreeeion  de- 
pends on  its  second  term,  and  that  will  be  the  greatest  possible  when  B  —  2  /3  =:  0^ 
in  which  case  ^  =  }  B. 

It  hence  appears  that  the  required  line  DE  is  perpendicular  to  the  line,  BP, 
which  bisects  the  given  angle  B.    This  gives  the  direction  in  which  DE  is  to  be  run. 

Its^  starting  point  D  or  E,  is  found  thus.  Tlie  area  of  the  triangle 
DB^s^BD.BS.BUL  B.    Since  the  triangle  is  isosceles^  this  becomes 

DBE  =  JBD«.  sin.  B;  whence  BI>  =  4/(^^)- 

DE  is  obtained  from  the  expression  for  DE*,  which  becomes,  making  /3  as  ^Q, 
P^^2XDBEX..oB  V(».DBEdn.B) 

oos.iB.oos.iB  '  '  coBiiB 
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(594)  Let  asryalne  per  aere  of  one  portion  of  the  land,  and  h  that  of  the 
other  portion.    Let   a;  =  the  width  required,  BC  or  AD.     Then  the  yalne  ol 

BOFE  =  a  X  ^-^^^  an^  the  value  of  AI)FE  =  6  X  ^~^. 

Putting  the  sum  of  these  equal  to  the  yalue  required  to  be  parted  ofl^  we  obtiun 

value  required  X  10 

*""  aXBB  +  6XAE  * 

(595)  All  the  conatruotions  of  this  article  depend  on  the  equivalency  of  trian- 
gles which  have  equal  basee^  and  lie  between  parallels.  The  length  of  AD  is  de- 
rived from  the  area  of  a  triangle  being  equal  to  its  base  by  half  its  altitude. 

(597)  Since  similar  triangles  are  to  each  other  as  the  squares  of  their  homolo- 
gous sides, 

ABO:DBE::  AB':BD»;  whence  BD  =  AB  4/ ?||  =  AB  i/-^!^-. 
'  V   ABO  y  m  -f  n 

The  eonstruotion  of  Fig.  868  is  founded  on  the  prop<»'tion 

BF :  BG  ::  BG :  BA;  when  BD  =  BQ  =  ^(BA  X  BF)  =  BA4/— ^. 
V  r  »» +  « 

(59§)  By  hypothesis,  AEF  :  EFBC  ::  m  :  n;  whence  AEF  :  ABO  ::  m  :m-\-n 

and  AEF  =  ABO  .-^  =  ^^^—  •  — ^.      Also,  AEF  =  J  -  AE  X  EF. 

DB  V  AE 
The  similar  triangles  AEF  and  ABD  give  AD:DB::  AE:  EF  =  — ~ — .    The 

Tyn  w  AJJ 

second  expression  for  AEF  then  becomes  AEF  =  ^  AE  • p=- — ,    Equating 

A  I./ 

this  with  the  other  value  of  AEF,  we  have 
AC  X  DB       m  AE"  X  DB 


2 


m  +  n         2 .  AD         ,  r    \  m'\-n/ 


(530)  In  Fig.  866,  the  triangles  ABD,  DBO,  having  the  same  altitude,  are  to 
eadi  other  as  their  bases. 

Li  the  next  paragraph,  we  have  ABD  :  DBO  : :  AD  :  DO  ::m:n;  whence 
AD  :  AO  ::m:m'\-n;  and  AO  :  DO  : :  m -f  n  :  n ;  whence  the  expressions  for 
AD  and  DO. 

In  Fig.  867,  the  expression  for  AD  is  given  by  the  proportion  AD :  AO : :  m :  m  -f  «*• 
Similarly  for  DE»  and  EO. 

(531)  In  Fig.  868,  conceive  the  line  EB  to  be  drawn.  The  triangle 
AEB  =  i  ABO,  having  the  same  altitude  and  half  the  base ;  and  AFD  =  AEB, 
because  of  the  equivalency  of  the  triangles  EFD  and  EFB,  which,  with  AEF,  make 
up  AFD  and  AEB. 

The  point  F  is  fixed  by  the  similar  triangles  ADB  and  AEF 

The  expression  for  AF,  in  the  last  paragraph,  is  given  by  the  proportion, 

ABO  :  ADF : :  AB  X  AO  :  AD  X  AF; 

.  ABX  AO    ADF_AB  X  AO       m 

nuance,  AF—      ^^^       "aBO""      AD       'm  +  n 

(539)  The  areas  of  triangles  being  equal  to  the  product  of  their  altitudes  by 
half  their  basee»  the  constructions  in  Fig.  869  and  Fig.  870  follow  therefrom. 
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(533)  Id  Fig.  871,  ooDoeiy«  the  line  BL  to  be  drawa  The  triangle  ABL  ^will 
be  *  third  of  ABO,  haying  the  aame  altitude  and  one-third  the  baee ;  and  AED  is 
equiyalent  to  ABL,  because  ELB  =.  ELD,  and  AEL  is  common  to  both.  A  similar 
proof  applies  to  DOG. 

(534)  In  Fig.  872,  the  four  smaller  triangles  are  mutually  equiyalent,  because 
of  their  equal  bases  and  altitude^  two  pairs  of  them  lying  between  parallels. 

(535)  In  Fig.  878,  conceiye  AE  to  be  drawn.  The  triangle  AEO  =  i.  ABO, 
haying  the  same  altitude  and  half  the  base ;  and  EDFO  s  AEO,  because  of  the 
common  part  FEO  and  the  equivalency  of  FED  and  FEA. 

(536)  In  Fig.  874,  in  addition  to  the  lines  used  in  the  problem,  draw  BF  and 
DG.  The  triangle  BFO  =  i  ABO,  haying  the  same  altitude  and  half  the  base. 
AIbo^  the  triangle  DFG  =  DFB,  because  of  the  parallels  DF  and  BG.  Adding  DFO 
to  each  of  these  triangles,  we  haye  DOG  sBFO  =1  ABO.  We  haye  then  to 
proye  LMO  ssz  DOG.  This  is  done  precisely  as  in  the  demonstration  of  Art  (519)b 
page  402. 

(53T)  Let  AE  =  a;,  ED  =  y,  AH  =  «',HF  =  y',  AK=sa,KB  =  6. 
The  quadrilateral  AFDE,  equiyalent  to  i  ABO,  but  which  we  will  represent 
generally,  by  fit*,  is  made  up  of  the  triangle  AFH  and  the  trapezoid  FEED. 

AFH  =  i.ajy.  FHED  =  i(«—aO(y  +  y'). 

.•.AFDE  =  m«  =  i.ajy  +  i(«  — aj')(y  +  y')=i«'(y  +  y')  — i«'y. 

The  similar  triangles,  AEF  and  AKB,  giye 

.        ,      ,      hx' 
a:  b::  X  :  y= — . 
a 

Sabatitnting  this  yalue  of  y'  in  the  expression  for  m\  we  haye 

hxf\ 


»»'=i«(y+— )— i«'y; 


whence.  a(2m«-ary)_AK(|AB0-AEXED) 

^  6aj  — ay  KB  X  AE— AK  X  ED* 

The  formula  is  general,  whateyer  may  be  the  ratio  of  the  area  m>  to  that  of 
the  triangle  ABO. 

(53§)  In  Fig.  876,  FD  is  a  line  of  diyision,  because  BF  =  the  triangle  BDF 
diyided  by  half  its  altitude,  which  giyes  its  base.    So  for  the  other  triangles. 

(539)  In  Fig.  877,  DG  is  a  second  line  of  division,  because,  drawing  BI^  the 
triangle  BLO  =  i  ABO ;  and  BDGO  is  equivalent  to  BLO,  because  of  the  conmion 
part  BOLD,  and  the  equivalency  of  the  triangles  DLG  and  DLB. 

To  prove  that  DF  is  a  third  line  of  division,  join  MD  and  MA.  Then 
BMA  s  i  BGA.  From  BM  A  take  MFA  and  add  its  equivalent  MFD,  and  we  have 
MDFB  =  i  BGA  =  i  (ABDG  —  BDG)  =  i  (I  ABO  —  BDG)  ==  i  ABO  —  i  BDG. 

To  MDFB  add  MDB,  and  add  its  equivalent,  i  BDG,  to  the  other  side  of  the  equa- 
tion, and  we  have 

MDFB  +  MDB  =  iABO  — iBDG  +  iBDG;  or,  BDF  =  i  ABO. 

(540)  In  Fig.  878,  the  triangle  AFO  =  ^  ABO,  having  the  same  base  and  on^ 
third  the  altitude.  The  triangles  AFB  and  BFO  are  equivalent  to  each  othei; 
each  being  composed  of  two  triangles  of  equal  bases  and  altitudes;  and  each  is 
therefore  one-third  of  ABO. 
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In  Fig.  879,  AFO :  ABO  : :  AD :  AB;  mnce  these  two  trungles  baye  the  oommos 
baae  AC,  and  their  altitadei  are  in  the  abore  ratia  So  too^  BFG :  ABO : :  BE :  BA. 
Hence,  the  remaining  triangle  ilFB  :  ABO  : :  DE :  AB. 

(941)  By  Art  (d5X  Note,  ABC  =  i  AC  X  CB  X  dn.  ACB.  Bnt  the  angle 
ACB=sACD+DCB=i  (180*»— ADC)+i  (180^-CDB)  =  180*»-i  (ADO+ODB). 
Henoe,  ABO  =  i  AC  X  CB  X  sin.  )  (ADO  +  CDB)  =  i  AC  X  CB  X  sin.  i  ADB 

Let  r  ==  DA  =  DB  =  Da  Since  AB  is  the  chord  of  ADB  to  the  radios  r,  and 
therefore  eqnal  to  twice  the  sine  of  half  that  angle,  we  hare 

■ai.ADB  =  :|2..  whence^  ABO  =  iAOxOBx^;«.dr  =  ^^^J^ 

Also^  since  the  area  of  each  of  the  three  small  triangles  equals  half  the  product  of 

the  two  equal  sides  into  the  sine  of  the  included  angle  at  D,  these  triangleft  will 

be  to  each  other  as  the  sines  of  those  angles.    These  angles  are  found  thus : 

AR  Tie*  AC* 

sialADB  =  ^;  sin.  i  BDO=^;  sin.  J  ADO  =  ^. 

(949)  The  formulas  in  this  article  are  obtained  by  substituting,  in  those  of  Art. 
(628),  for  the  triangle  DB£;  its  equivalent     ^     X  i  AB  X  BO  X  sin.  & 

BDthn.be«ome.  =  i/(-^  .M>lB2XriJL5)=^(    -    XABxBo); 
r    \m  +  n  siaB         /       f    \m  +  n  /' 

V'CsxiXABxBOXsin.^B)       gin.  B         //    m  \ 

andDB=      ^*-^" 3-^ :^=i?5:^.  i/(_^XABxBO). 

ooa^B  coaJBr    \m  +  n  / 

(943)  The  rule  and  example  proye  themselyesL 

(944)  In  Fig.  888,  conceiye  the  >Bides  AB  and  DO,  produced,  to  meet  in  some 
point  P.  Then,  by  reason  of  the  simihir  triangles,  ADP  :  BOP : :  AD* :  B0*» 
whence^  by  "division,"  ADP  — BCP  =  ABCD :  BOP : :  AD»  — B0« :  B0«. 

In  like  manner,  comparing  EFP  and  BOP,  we  get  EBOF :  BOP : :  EF«— B0» :  BO 
Combining  these  two  proportions,  we  have 

ABOD:  EBOF : :  AD«  — BC» :  EF«  — BC«; 
or,  fii  +  n:»n::ADa  — BO*:EF«  — B0». 

Whence^  (m  +  n)EF'  — m.BC  — nBC*  =  m.  AD*—- m.BC*; 


.jy^^^mXA^+^2lB2y 


Also^  from  the  similar  triangles  formed  by  drawing  BL  parallel  to  CD,  we  haT« 

AL:EK::BA:BE  =  2i2lH=.t?^li5!:=]?2. 
•  AL  AD  — BO 

(949)  Let  BEFC  =  -^  •  ABOD  =  a;    let    BO  =  6;    BH  s=:  A;    and 

AD  — B0=5«.   AlsoletBa  =  «;andEF  =  y.  Draw  BL  parallel  to  CD.   Qysim* 
ilar  triangles,  AL:EK  ::  BA:BE  ::  BH  :  BO;  or,  AD-BO : EF-BO  • :  BH:BO; 

ue.,e:y  —  b::h:xi  whence » :=— ^^ ■'. 

Ako,  the  area  BEF0=a=:i.BG(EF+BC)=sia;(y+6);  whenceys— -ft 

9 
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flahitftBtiiig  flib  nia$  of  jr  in  the  fiipwion  for  z,  mi4  ndnoBg,  we  obCaia 

The fooond propoHioii abore giTet y — (as*-.;  iHi6neoys=6-f  j  •  2: 
BoplMiag  iho  tymboU  by  their  hnm,  we  get  the  ibniiiihw  in  the  text 

(546)  ABEFssiABCD.  But  ABBP s=  ABEF, beeonee  of  the  eommoD  pert 
ABRF,  end  the  tmngles  FBP  and  FRE,  which  make  np  the  two  ^gmea,  and 
which  are  e4;[aiTalent  beeanae  of  the  parallela  FK  and  PEL    80  f<w  the  other  parta 

(547)  The  tmih  of  the  foot-note  ia  erident^  ainee  the  first  line  biaects  the  tra- 
pezoid, and  anj  other  line  drawn  throngh  its  middle^  and  meeting  the  parallel 
atdea,  adda  one  triangle  to  each  hal(  and  takea  away  an  equal  triangle ;  aiid  tfaoa 
doet  not  diatnrb  the  equiralency. 

(548)  In  Fig.  885,  since  EF  ia  parallel  to  AD,  we  hare  ADG :  EGF : :  OH* :  GK>. 
EGF  ia  made  np  of  the  triangle  BOGssaS  and  the    quadrilateral  BEFCs 


j^SOD  ss  — -^—  •  (a  —  a').    Hence  the  aboTe  proportion  becomes 


m  +  n  m  +  n 


a :  «'4~^  (a  — a') ::  GH« :  GB?;  or, 

(m+n)a:ma  +  na'::GH«:GK«;  whence  GK  =  GH  i/^^!^4^V 

T    \(m4-«)a/ 

GK 
GE  ia  giren  by  the  proportion  GH  :  GE::GA  :  GE  =  GA  ••^. 

In  Fig.  886,  the  diviiion  into  p  parts  is  founded  on  the  same  principle.  The 
triangle  EFGssGBO  +  EFOB«a'  +  ^    Kow  ADG  :  EFG  ::  AG> :  EGt; 

or.       «'  +  Q;a'  +  5::AG«:EG«;  whence  GE«  AG  |/^^-j-|-). 

2Q 
GL  ia  obtained  by  takbg  the  triangle  LMG  ss  a'  +  —  ;  and  so  for  the  rest 

(559)  In  Fig.  890,  Join  FO  and  GO.  Because  of  the  parallels  CA  and  BF,  the 
triangle  FCD  will  be  equivalent  to  the  quadrilateral  ABCD,  of  which  GOD  will 
therefore  be  one  half;  and  because  of  the  parallels  GE  and  CH,  EHDO  will  be 
equivalent  to  GCD. 

(553)  In  Fig.  891,  by  drawing  certain  lines,  the  quadrilateral  can  be  divided 
into  three  equivalent  parta^  each  composed  of  an  equivalent  trapeaoid  and  an 
equivalent  triangle.  These  three  equivalent  parts  can  then  be  transformed,  by 
meana  of  the  parallel  into  the  three  equivalent  quadrilaterals  diown  in  the 
figure.    The  full  development  of  the  proof  ii  left  as  an  exercise  for  the  student 

In  Fig.  892,  ^iraw  OG.  Then  CBG  ss  i  ABOD.  Bat  CKQ  ss  CGQ.  Tberdbro 
OKQB  ae  }  ABCD.    So  for  the  other  division  line. 

(556)  The  division  of  the  base  of  the  eqmvalent  triangle,  dividea  the  polygon 
similarly.  The  point  Q  reaults  from  the  equivalency  of  the  triangles  ZBP  and  ZB^ 
PQ  being  parallel  to  BZ. 
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nrrsoDxrcnoH  to  lEvsiLnro. 

(1)  Tlie  Principles*  Lvtxixdio  is  the  art  of  finding  hov  much  one  point 
u  higher  or  lower  than  another;  L  e^  how  much  one  of  the  points  is  ahoye  or  below 
a  level  line  or  sorlSue  whieh  passes  throng  the  other  point 

A  level  or  horuontal  line  is  one  which  is  perpendicolar  to  the  direction  of  gray- 
ity,  as  indicated  by  a  plomb-line  or  similar  meana  It  is  therefore  parallel  to  the 
surface  of  standing  water. 

A  letel  or  hortMontal  tufface  is  defined  m  the  same  way.  It  will  be  determined 
by  two  level  lines  which  intersect  each  other.* 

Levelling  may  be  named  YxEnoAL  Suevxtino,  or  Dp>and4own  Buneyinff  ;  the 
subject  of  the  preceding  pages  being  Horiwntal  Surveyinff^  or  Right-aaMeft  and 
Foro-and-afl  Bwneying, 

All  the  methods  of  Horizontal  Sorreying  may  be  used  in  Vertical  Surreying. 
The  one  which  wiU  be  briefly  sketched  here  corresponds  precisely  to  the  method 
of  "  Surveying  by  oflfsets^"  founded  on  the  Second  Method,  Art  (6^  "Reotangular 
Go-ordinatei»"  and  fully  explained  in  Arts.  (114),  ^  ^ 

Hie  operations  of  levelling  by  this  method  consist,  firstly,  in  obtaining  a  level 
line  or  plane ;  and,  secondly,  in  measuring  how  far  below  it  or  above  it  (usually 
the  former)  are  the  two  points  whose  relative  heighiB  are  required. 


Fl»41ff. 
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;$- 
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(9)  Tlie  Instmmento.  A  level 
line  may  be  obtained  by  the  following  ^-j — 
simple  instrument  called  a  "  PlumhAine 
leveV*  Fasten  together  two  pieces  of 
wood  at  right  angles  to  each  other,  so  as 
to  make  a  Ti  and  draw  a  line  on  the  up- 
right one  BO  as  to  be  exactly  perpendicu- 
lar to  the  top  edge  of  the  other.  Suspend 
a  plumb-line  as  in  the  figure.  Fix  the  T 
against  a  staff  stuck  in  the  ground,  by  a 
screw  through  the  middle  of  the  croes- 
pieee.  Turn  the  T  till  the  plumb-line 
exactly  covers  the  line  which  was  drawa 
Then  will  the  upper  edge  of  the  cross-piece  be  a  level  line,  and  the  eye  can  sig^l 
across  it,  and  note  how  far  above,  or  below  any  other  point  this  level  line,  pro- 
longed, would  strike.  It  wiU  be  easier  to  look  across  sights  fixed  on  each  end  of 
the  cross-piece,  making  them  of  horsehair  stretched  across  a  piece  of  wire,  bent 
into  three  sides  of  a  square,  and  stuck  into  each  end  of  the.  cross-piece  \  taking  care 
that  the  hairs  are  at  exactly  equal  heights  above  the  upper  edge  of  the  cross-piece. 


*  Osrtalnsmidl 
wmeenslderlavelliaM 


to  b«  hereafter  explained,  wUl  be  Ignored  fi>r  Um  present,  end  we 
as  strslght  lines,  and  level  sorflMes  as  plsnes. 
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A  modification  of  tluB  is  to  fatten  a  common 
carpenter's  square  in  a  slit  in  the  top  of  a  staff, 
hj  means  of  a  screw,  and  then  tie  a  plamb>line 
at  the  angle  so  that  it  may  hang  beside  one  arm. 
When  it  has  been  brought  to  do  so,  by  turning 
the  square,  then  the  other  arm  will  be  lereL 

Another  simple  instrument  depends  npon  the 
Drindple  that  ''water  always  finds  its  leTel," 
corresponding  to  the  second  part  of  our  defini- 
tion of  a  level  line.  If  a  tube  be  bent  up  at  each 
end,  and  nearly  filled  with  water,  the  surface  of 
the  water  in  one  end  will  always  be  at  the  same 
height  as  that  in  the  other,  however  the  position 
of  the  tube  may  vary.  On  this  truth  depends  the  "  Water'-leveV*  It  may  be 
easily  constructed  with  a  tube  of  tin,  leac^  copper,  Ac^  by  bending  up,  at  right 
angles  an  inch  or  two  of  each  end, 

and  supporting  the   tube^  if  too  Plg.41T. 

flexible,  on  a  wooden  bar.  In  these  j^ 
ends  cement  (with  putty,  twine 
dipped  in  white-lead,  Ao,\  thin  phi- 
als, with  their  bottoms  broken  0% 
so  as  to  leave  a  free  communication 
between  them.    Fill  the  tnbe  and 

the  phials,  nearly  to  tbeir  top,  with  colored  water.  Blue  vitriol,  or  oodiinea], 
may  be  used  for  coloring  it  Cork  their  mouths,  and  fit  the  instrument,  by  a 
steady  bbt  flexible  joint,  to  a  tripod.  Figures  of  joints  are  given  on  page  184,  and 
of  tripods  on  page  183. 

To  use  it^  set  it  in  the  desired  spot,  place  the  tube  by  eye  nearly  level,  remove 
the  corks,  and  the  surfaces  of  the  water  in  the  two  phials  will  come  to  the  same 
level  Stand  about  a  yard  behind  the  nearest  phial,  and  let  one  eye,  the  other 
being  dosed,  glance  along  the  right-hand  side  of  one  phial  and  the  left-hand  side 
of  the  other.  Baise  or  lower  th^  head  till  the  two  surfaces  seem  to  coincide^  and 
this  line  of  sight,  prolonged,  will  give  the  level  line  desired.  Sights  of  equal 
height,  floating  on  the  water,  and  rising  above  the  tops  of  the  phials^  would  give 
a  better-defined  line. 


t 


I 


^" 


The  "  Spirit'leveP*  consists  essentially  11i.4Xa 

of  a  curved  glass  tube  nearly  filled  with 
•alcohol,  but  with  a  bubble  of  air  left 
within,  which  always  seeks  the  highest 
spot  in  the  tube,  and  will  therefore  by 
its  movements  indicate  any  change  in 
the  position  of  the  tube.  Whenever  the  bubble,  by  raisii^  or  lowering  one  end, 
has  \>een  brought  to  stand  between  two  .marks  on  the  tube,  or,  in  case  of  expan- 
sion or  contraction,  to  extend  an  equal  distance  on  either  side  of  them,  the  bottom 
of  the  block  (if  the  tube  be  in  one),  or  sights  at  each  end  of  the  tube,  previously 
properly  adjusted,  will  be  on  the  same  level  line.  It  may  be  placed  on  a  board 
fixed  to  the  top  of  a  staff  or  tripod. 

When,  instead  of  the  sights,  a  telescope  is  made  parallel  to  the  level,  and  vari- 
ous contrivances  to  increase  its  delicacy  and  accuracy  are  added,  the  instnunent 
becomes  the  Engineer's  spirit-level. 
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(3)  The  Practice.  By  whichever  of  these  yarioiu  meana  ft  level  line 
has  been  obtained,  the  subsequent  operations  in  making  use  of  it  are  identical 
Since  the  **  water-lever  is  easily  made  and  tolerably  accurate,  we  will  suppose  H 
to  be  employed.    Let  A  and  B,  Fig. 

419,  represent  the  two  points,  the         _  Fig.  419. 

dififereoce  of  the  heights  of  which  is 
required.  Set  the  instrument  on 
any  spot  from  which  both  the  points 
can  be  seen,  and  at  such  a  height 
that  the  level  line  will  pass  above 
the  highest  one.  At  A  let  an  assist- 
ant hold  a  rod  graduated  into  feet^ 
tenths,  Ac  Turn  the  instrument  to- 
wards the  sta£^  sight  along  the  level 
line,  and  note  what  division  on  the 
staff  it  strikes.  Then  send  the  staff 
to  B,  direct  the  instrument  to  it»  and  note  the  height  observed  at  that  point  If 
the  level  line,  prolonged  by  the  eye,  passes  2  feet  above  A  and  6  feet  above  R  the 
difference  of  their  heights  is  4  feet  The  abaolttte  height  of  the  level  line  itMlf  is 
a  matter  of  indifference.  The  rod  may  carry  a  target  or  plate  of*  iron,  clasp«4  to 
it  so  as  to  slide  up  and  down,  and  be  fixed,  at  wilL  This  target  may  be  variously 
painted,  most  simply  with  its  upper  half  red  and  its  lower  half  white.  The  hori- 
Eontal  line  dividing  the  colors  is  the  line  sighted  to,  the  target  being  mov^  up 
or  down  till  the  line  of  sight  strikes  it  A  hole  in  the  middle  of  the  target  shows 
what  division  on  the  rod  coinoic^^  with  the  horizontal  line,  when  it  has  been 
blrought  to  the  right  height 

If  the  height  of  another  pointy  C,  Fig.  420,  not  visible  from  the  first  station,  ba 
required,  set  the  instrument  so  as  to  see  B  and  0,  and  proceed  exactly  as  with  A 


Ii9.4ao. 
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and  B.  If  0  be  1  foot  below  B,  as  in  the  figure,  it  will  be  6  feet  below  A  It  it 
were  found  to  be  7  feet  above  B,  it  would  be  8  feet  above  A  The  comparative 
height  of  a  series  of  any  number  of  points,  can  thus  be  found  in  reference  to  any 
one  of  them. 

The  beginner  in  the  practice  of  levelling  may  advantageously  make  in  his  note- 
book a  sketch  of  the  heights  noted,  and  of  the  distances,  putting  down  each  as  it 
is  observed,  and  imitating,  as  nearly  as  his  accuracy  of  eye  will  permit,  their  pro* 
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portional  dimdosiooa.*  But  when  the  obseryatioDS  are  numeroua,  they  shonld  be 
kept  in  a  tabular  form,  such  as  that  which  is  given  below.  The  names  of  the 
points,  or  "  Stations,"  whose  heights  are  demanded»  are  placed  in  the  first  column ; 
and  their  heights,  as  finally  ascertained,  in  reference  to  the  first  point,  in  the  last 
column.  The  heights  aboye  the  starting  point  are  marked  4*1  And  those  below  it 
are  marked  — .  The  back-eight  to  any  station  is  placed  on  the  line  below  the 
point  to  which  it  refers.  When  a  back-sight  exceeds  a  fore-sight^  their  difference 
is  placed  in  the  column  of  ''Rise  ;*  when  it  is  less,  their  difference  is  a  "FalL" 
The  following  table  represents  the  same  obserrations  as  the  last  figure,  and  their 
•areful  comparison  will  explain  any  obsonrities  in  either. 


BtotloM. 

Dlstuices. 

Bsek-slshta 

Blae. 

FslL 

Total  H6igli1a 

A 

0.00 

B 

100 

2.00 

6.00 

-400 

-4.00 

0 

60 

8.00 

4.00 

-1.00 

-6.00 

D 

40 

2.00 

1.00 

+  l.v^ 

-4.00 

£ 

10 

6.00 

1.00 

+  5.00 

+  1.00 

F 

60 

2,00 

6.00 

-4.00 

-8.00 

15.00 

laoo 

-8.00 

Tlie  aboTe  table  shows  that  B  ia  4  feet  below  A ;  that  C  is  5  feet  below  A ;  that 
E  is  1  foot  above  A;  and  so  on.  To  test  the  calculations,  add  up  the  back-sights 
and  fore-sights.    The  difference  of  the  sums  should  equal  the  last  "  total  height" 

Another  form  of  the  leyelling  field-book  is  presented  below.  It  refers  to  the 
lame  stations  and  levels,  noted  in  the  previous  form,  and  shown  in  Fig.  420i 


StatioDB. 

DlstanoeiL 

Buk-elgbta. 

HtlnstiboreDitom. 

FoT«-ttgbt& 

Total  HdghtaL 

A 

0.00 

B 

100 

2.00^ 
8.00^ 

+  2.00 

6.00 

-400 

0 

60 

-1.00 

400 

-6.00 

D 

40 

2.00 

-8.00 

1.00 

-4.00 

£ 

70 

6.00 

+  2.00 

1.00 

+  1.00 

F 

50 

2.00 

+  8.00 

6.00 

-3.00 

15.00 

18.00 

-8.00 

In  the  above  form  it  will  be  seen  that  a  new  column  is  introduced,  c<Mitaining 
the  Height  of  the  Instrument  (I  e.,  of  its  line  of  sight),  not  above  the  ground 
where  it  stands,  but  above  the  J9ahim,,or  starting-pointy  of  the  levels.  The  former 
columns  of  ''RlBe"  and  "Fall"  are  omitted.  The  above  notes  are  taken  thus: 
The  height  of  the  starting-point  or  "  Datum,"  at  A,  is  0.00.  The  instrument  being 
set  up  and  levelled,  the  rod  is  held  at  A.  The  back-sight  upon  it  is  2.00;  there- 
fore the  height  of  the  instrument  is  also  2.00.  The  rod  is  next  held  at  R  The 
fore-sight  to  it  is  6.00.  That  point  is  therefore  6^00  below  the  instrument,  or 
2.00 — 6.00  as— 400  below  the  datum.  The  instrument  is  now  moved,  and  again 
set  up,  and  the  back-sight  to  B,  being  8.00,  the  Ht  Inst  is  —4.00  +  8.00=— 1.00 

e  In  llie  fIgiiK,  the  limits  of  th«  pat^  have  made  it  neoensiy  to  eontraet  the  horlsontal 
fte  one'teatli  of  their  proper  proportioiul  sixe. 
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And  BO  on :  the  Ht  Inat  being  always  obtained  by^  adding  the  back-eight  to  the 
height  of  the  peg  on  whieh  the  rod  is  held,  ai^d  the  height  of  the  next  peg  being 
obtained  by  subtracting  the  fore-sight  to  the  rod  held  on  that  peg,  from  the  Ht  Inst 

The  level  lines  given  by  these  instruments  are  all  lines  of  apparent  level,  and 
not  of  true  level,  which  should  curve  with  the  sur&ce  of  the  earth.  These  level 
lines  strike  too  high;  but  the  difference  is  very  small  in  sights  of  ordinary  length, 
being  only  one-eighth  of  an  inch  for  a  sight  of  one-eighth  of  a  mile,  and  diminishiDg 
as  the  square  of  the  distance ;  and  it  may  be  completely  compensated  by  setting 
the  instrument  midway  between  the  points  whose  difference  of  level  is  desired ;  a 
precaution  which  shoi^d  always  be  taken,  when  possible. 

It  may  be  required  to  show  on  paper  the  ups  and  downs  of  the  line  which  has 
been  levelled ;  and  to  represent^  to  any  desired  scale,  the  heights  and  distances  of 
the  various  points  of  a  line,  its  ascents  and  descents,  as  seen  in  a  side-view.  This 
is  called  a  ** Profile"  It  is  made  thu&  Any  point  on  the  paper  being  assumed 
for  the  first  station,  a  horizontal  line  is  drawn  iiirough  it ;  the  distance  to  the  next 
station  is  measured  along  it,  to  the  required  scale  ;  at  the  termination  of  this  dis- 
tance a  vertical  line  is  drawn ;  and  the  given  height  of  the  second  station  above  or 
below  the  first  is  set  off  on  this  vertical  line.  The  point  thus  fixed  determines 
the  second  station,  and  a  line  joining  it  to  the  first  station  represents  the  slope  of 
the  ground  between  the  two.    The  process  is  repeated  for  the  next  station,  &c 

But  the  rises  and  falls  of  a  line  are  always  very  small  in  proportion  to  the  dis 
tances  passed  over ;  even  mountains  being  merely  as  the  roughnesses  of  the  rind 
of  anoraoge.  If  the  distances  and  the  heights  were  represented  on  a  profile  to  the 
same  scale,  the  latter  would  be  hardly  visible.  To  make  them  more  apparent  it 
is  usual  to  "  exaggerate  the  vertical  scale"  ten-fold,  or  more ;  L  e.,  to  make  the 
representation  of  a  foot  of  height  ten  times  as  great  as  that  of  a  foot  of  length,  as 
in  Fig.  420,  in  which  one  inch  represents  one  hundred  feet  for  the  distances,  and 
ten  feet  for  the  heights. 

The  preceding  Introduction  to  Levelling  has  been  made  as  brief  as  possible ;  but 
by  any  of  the  simple  instruments  described  in  it^  and  either  of  its  tabular  forms^  any 
person  can  determine  with  sufiScient  precision  whether  a  distant  spring  is  higher  or 
lower  than  his  house,  and  how  much ;  as  well  as  how  deep  it  would  be  necessary 
to  cut  into  any  intervening  hill  to  bring  the  water.  He  may  in  like  manner  ascer- 
tain whether  a  swamp  can  be  drained  into  a  neighboring  brook ;  and  can  cut  the 
necessary  ditches  at  any  given  slope  of  so  many  inches  to  the  rod,  Aa,  having  thus 
found  a  level  line ;  or  he  can  obtain  any  other  desired  information  which  depends 
on  the  relative  heights  of  two  points. 

To  explain  the  peculiarities  of  the  more  elaborate  levelling  ioBtruments,  the 
precautions  necessary  in  their  use,  the  prevention  and  correction  of  errors,  the 
overcoming  of  difiiculties,  and  the  various  complicated  details  of  their  applicationa^ 
would  require  a  great  number  of  pages.  This  will  therefore  be  reserved  for  an- 
other volume,  as  announced  in  the  Preface. 
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MAGNETIC    VARIATIONS 

IN  THE  UNITED  STATES. 

[From  a  Report  bj  C.  A.  SCHOTT,  ABsistant  U.  S  CSoost  Snirej].    See  Silliman's 
Journal,  May,  1860,  p.  885 ;  and  U.  8.  Coast  Snrrej  Report  for  1869,  App.  24»  p.  296. 
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i 
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1 
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W. 

W. 

W. 

W. 

W. 

W. 

W. 

w. 

w. 

w. 

1680 

8.8 

4.8  W. 

1690 

8.7 

4.8  W. 

1700 

9.7 

8.6 

8.8 

1710 

9.0 

10.4 

8.0 

8.4 

1720 

8.8 

9.5 

7.6 

7.9 

1780 

7.8 

8.9 

7.0 

7.1 

1740 

7.4 

8.8 

6.4 

6.8 

1750 

7.2 

7.7 

6.8 

6.8 

1760 

8.1 

7.0 

6.9 

6.1 

5.2 

4.4 

1770 

8.1 

6.8 

6.8 

6.5 

4.7 

8.6 

1.2  W. 

1780 

8.8 

6.8 

6.1 

6.2 

6.0 

4.4 

2.8 

0.7  W. 

1790 

8.5 

6.8 

7.8 

6.8 

6.8 

5.0 

4.8 

4.2 

8.0 

2.2 

0.2  W. 

1800 

8.9 

7.0 

7.6 

6.2 

6.4 

5.0 

4.6 

4.2 

8.0 

2.0 

0.4 

0.2  B. 

1810 

9.4 

7.8 

7.8 

6.8 

6.5 

6.2 

4.7 

6.4 

4.3 

8.1 

1.9 

0.6 

0.4  £. 

1820 

10.0 

7.8 

7.6 

6.7 

6.8 

6.6 

5.0 

5.8 

4.7 

8.4 

2.2 

0.8 

0.4  E. 
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7 -430 
7-417 
7.404 
7.391 
7-378 
7-364 
7-350 
7.336 
7.322 
7.308- 
7.294 
7-280 
7-265 

2.736 
2.769 
2*802 
2.834 
2.867 
2.900 
2-932 
2.964 
2-997 
3.029 
3-061 
3.094 
3.126 
3.158 
3.190 
3.222 
3.254 
3.286 
3.318 
3-349 

8.457 
8.444 
8.430 
8.416 
8-4o2 
8.388 
8.374 
8.359 
8.345 
8-33o 
8^3i5 
8.300 
8-285 
8.269 
8-254 
8-238 

8-222 

8.206 
8.190 
8.173 

3.078 
3.ii5 
3.i52 
3.189 
3.22! 
3.262 

im 

3.371 
3.408 
3.444 
3.480 
3.517 
3.553 
3.589 
3.62! 
3.661 
3.696 
3-732 
3.768 

2*Il3 

2.133 
2.153 
2.172 
2-192 
2. 211 

2.23l 
2.25o 
2.270 
2.289 
2.309 
2.328 
2.347 

2.367 
2.386 
2.405 
2.424 
2.443 
a. 462 
a.48i 
2.500 

5.438 
5-427 
5.416 
5.404 
5.393 
5.3ai 
5.370 
5.358 
5.346 
5.334 
5.322 
5.310 
5.298 
5.285 
5.273 
5.260 
5.248 
5.235 
5.222 
5.209 
5.196 

2.536 
2.559 
2.583 
2.607 
2.63o 
2.654 
2.677 
2.701 
2.724 
2.747 
2.770 
2.794 
2.817 
2.84o 
2-863 
2-886 
2.909 
2.93a 
2.955 
2.977 
3.000 

6.344 
6.33i 
6.3i8 
6.3o5 
6.292 
6-278 
6-265 
6-251 
6-237 

6.223 

6.209 
6.195 
6.181 
6.166 
6.152 
6.137 
6.122 
6.107 
6.093 
6.077 
6.062 

2.958 
2.986 
3.014 
3.041 
3.069 
3.096 
3.123 
3.i5i 
3.178 
3.2o5 

3.232 

3.259 
3.286 
3.3i3 
3.340 
3.367 
3.394 
3.420 
3-447 
3-474 
3.500 

7.250 
7-236 
7.221 
7.206 
7.190 
7.175 
7.160 
7-144 
7.128 

7*112 

7-096 
7-o8o 
7-064 
7.047 
7.o3i 
7.014 
6-997 
6.980 
6.963 
6.946 
6.928 

3.381 
3.413 
3.444 
3.476 
3.507 
3.538 
3.570 
3.601 
.3.632 
3.663 
3.694 
3.725 
3.756 
3.787 
3.817 
3.848 
3.878 
3.909 
3.939 
3.970 
4.000 

8.157 
8.i4o 
8.123 
8.106 
8.089 
8.072 
8.054 
8.037 
8.019 
8.001 
7-983 
7.965 

7-947 
7.928 
7-909 
7-891 
7.872 
7-852 
7-833 
7-8i4 
7-794 

3.804 

3.839 
3.87! 
3.910 
3.945 
3.981 
4.016 
4.o5i 
4.086 
4.121 
4.156 
4.190 
4.225 
4-260 
4.294 
4.329 
4.363 
4.398 
4-432 
4-466 
4.500 

Lat 

Dep. 

Lat 

Dep. 

Lat 

Dep. 

Lat 

Dep. 

Lat. 
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5 

e 

■7 

8 
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3. 

1           1 

a 

8 

4 

0 

§ 

60° 

59} 

59i 

59i 
5»° 

58| 

58i 
!    58i 
5»°! 

g! 

57* 

5»  = 

56} 
564 
56* 

55} 

551 
55* 

55= 

54} 
541 
541 
.'i4° 

53} 
531 
531 
53° 

5j} 
5^1 

52* 

5?»° 

5i} 
5il 
5i* 
51° 

5o| 
5oi 
5ol 

Lat 

Dep. 

Lat. 

Dep. 

Lat 

Dep. 

Lat 

Dep. 

Lat 

4.330 

4.319 

4.308 

4.297 

4.286  ' 

4.275 

4.263 

4-252 

4 -240 
4-229 

4-217 

4-2o5 
4.193 
4-i8i 
4.169 
4.157 
4.145 
4.133 
4.121 
4.108 

30° 

3oJ 
3oi 
3oJ 
81" 
3U 
3il 
3.J 
39° 
3^1 

3^4 
3j| 
83° 
33J 
331 
33| 
34° 
34* 
34i 
341 

3«° 

351 
351 
35} 

36° 
361 
364 
36} 

3»° 
37* 
371 
37} 

38° 
38* 
381 
38} 

39° 
39* 
391 
39} 

40° 

40* 

4.^1 
40} 

41° 

41* 
4>4 
41} 
48° 

4H 
42i 
43° 
43* 
431 
43} 
44° 
44* 
444 
44} 
45° 

§. 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

866 
864 
862 
859 
857 
855 
853 
85o 
848 
846 
843 
84 1 
839 
836 
834 
83 1 
829 
827 
824 
822 

o-5oo 
o.5o4 
o.5o8 
o.5ii 
o-5i5 
o.5i9 
0.522 
0.526 
o.53o 
0.534 
0-537 
0-541 
0-545 
0.548 
0.552 
0.556 
0.559 
0.563 
0-566 
0.570 

732 
728 
723 

719 
714 
710 

7o5 
701 
696 
691 
687 
682 

677 
673 
668 
663 
.658 
653 
648 
643 

I  -000 
1 .008 
i.oi5 

I-033 

i,.o3o 
i.o38 
1.045 
i.o52 
1.060 
1.067 
1.075 
1.082 
1.089 
1-097 
1-104 
i-iii 
1-118 
1.126 
1.133 
J -140 

2. 
2. 
2. 
2. 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

598 
592 

585 
578 
572 
565 
558 
55i 
5^4 
537 
53o 
523 
5i6 
509 

502 

494 

487 
.480 
472 

•465 

i.5oo 
i-5n 
1-523 
1-534 
1.545 
1.556 
1.567 
1.579 
,-590 
1-601 
1. 612 
1-623 
1-634 
1-645 
1.656 
1.667 
1.678 
1.688 
1.699 
1.710 

3-464 
3.455 
3-447 
3-438 
3.429 
3.420 
3.411 
3.401 
3.392 
3.383 
3.374 
3.364 
3.355 
3.345 
3.3j6 
3.326 
3.316 
3.3o6 
3.297 
3-287 

2.000 

2-Ol5 

2-o3o 

2.045 

2-060 
2-075 
2.090 
2-io5 
2.120 
2.134 
2.149 
2.164 
2.170 
2.193 
2.208 
2.222 
2.237 

2.25l 
2.266 
2.280 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

819 
817 
8i4 
812 
809 
806 
.804 
801 

7^ 

793 
788 

785 
783 
780 
777 
774 
772 
769 

0.574 
0.577 
0-581 
0-584 
0-588 
0-591 
0-595 
0-598 
0-602 
o-6o5 
0.609 
0-612 
0.616 
0.619 
0.62J 
0.626 
0.629 
0.633 
0.636 
0-639 

638 
633 
628 
623 
618 
6i3 
608 
6o3 
.597 
.592 
.587 
.581 
.576 

571 
.565 
56o 
554 
549 
543 
538 

1-147 
i.i54 
1.161 
i.i68 
1.176 
I.I83 
1-190 
1. 197 
1.204 
1. 211 
1.218 
1.224 

I.23l 

1.238 
1-245 

1  -252 

...59 

I  .  261 
1.272 
1.279 

2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

•457 
.450 
442 
435 
427 
419 

4l2 

4o4 
396 
.388 
.380 
372 
.364 
356 
348 
340 
.33i 
323 
3i5 
307 

1. 721 
1-731 
1-742 
1.753 
1.763 
1.774 
1-784 
1-795 
i.8o5 
1-816 
1-826 
1-837 
1-847 
1.857 
1-868 
1-878 
1-888 
1-898 
1-908 
1-918 

1.928 
1.938 
1.948 
1.958 
1.968 
1-978 
1.988 
1.998 
2-007 
2-017 
2.027 
2.036 
2.046 
2.056 
2.065 
2.075 
2.084 
2.093 
2.io3 

2-112 
2-I2I 

3.277 
3.267 
3-257 
3-246 
3-236 
3.226 
3-2i5 
3-2o5 
3.195 
3  184 
3.173 
3-163 
3.152 
J.141 
3.i3o 
3.120 
3.109 
3.098 
3.086 
3.075 

2.294 
2.309 
2.323 

2.337 

2.351 
2.365 
2.379 
2.393 
2.407 
2.421 
2.435 
2.449 
2^463 
2.476 
2.490 
2.5o4 
2.517 
2.531 
2-544 
2-558 

4.096 
4.083 
4.071 
4 -058 
4.045 
4-032 
4-019 
4.006 
3.993 
3.980 
3.967 
3.953 
3.940 
3-927 
3-913 

3.872 
3.858 
3.844 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1° 

766 
763 
760 
758 
755 
752 
749 
746 
743 
74o 
737 
734 
73 1 
728 
725 
722 

?:? 

7'3 
710 
707 

0.643 
0-646 
0-649 
0.653 
0.656 
0.659 
b-663 
0-666 
0-669 
0-672 
0-676 
0-679 
0.682 
0-685 
0.688 
0-692 
0-695 
0.698 
0-701 
0-704 
0-707 

532 
5a6 

521 

5i5 
509 
5()4 
498 
492 
486 
48o 
475 
4(^9 
463 
457 
45 1 
445 
439 
433 
427 
420 
4i4 

1.286 
1.292 
1-299 

i-3o6 

I.3l2 

1.3.0 

1-325 

1-332 

1.338 

1.345 

1.351 

1.358 

1.364 

1.370 

1.377 

1-383 

1-389  1 

1-396 

1.402 

1.408 

i-4i4 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
a 
2 

298 
290 
281 
273 
264 
256 
247 
238 
229 
221 
212 
2o3 

194 

185 
176 
167 
i58 
149 
i4o 
i3i 
121 

3-064 
3.053 
3-042 
3.o3o 
3.019 
3.007 
2.996 
2.984 
2-973 
2.961 
2-949 
2-937 
2-925 
2-913 
2.901 
2.889 
2-877 
2.865 
2-853 
2-841 
2.828 

2.571 
2.584 
2.598 
2.611 
2.624 
2-637 
2.65o 
2.664 
2-677 
2.689 
2.702 
2.715 
2.728 
2.741 
2.753 
2.766 
2.779 
2.791 
2.8o4 
2-816 
2*828 

3.83o 
3-816 
3.802 
3-788 
3-774 
3-759 
3.745 
3.730 
3-716 
3-701 
3-686 
3-672 
3-657 
3-642 
3-627 
3.612 
3.597 
3-582 
3-566 
3.551 
3-536 

dO° 

49} 
494 
491 

41»° 
48} 
484 
481 

4S° 
47} 
474 
471 

47" 
46} 
461 
461 

46° 
45} 
454 
45i 

45° 

Dep. 

Lat 

Dep. 

Lat 

Dep. 

Lat 

Dep. 

Lat 

Dep. 
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3oi 
3oi 
3o| 
31° 

3i4 
3ii 
3,J 

324 

32i 
32| 

33° 

33i 
33i 
33| 
34° 

344 
34i 
341 

35° 

354 
35i 
351 
36° 

364 
.36i 

36| 
37° 

374 
37i 
371 

38° 
384 
38i 
38| 

39° 
394 
39i 
39i 

40° 

4o4 
4oi 
4o| 
41° 
4i4 
4ii 
4i| 
4«° 
424 
42i 
42| 
43° 
434 
43i 
43J 
44° 
444 
44h 
441 
45° 

c» 

3. 

8 

^       0 

■7     ! 

a 

0           1 

60° 

§1 

49» 

58} 
58J 
58i 
58° 
57J 
57i 
57* 
57° 
56} 
56i 
564 
56° 
55} 
55i 
55* 

59° 

54} 
54i 
54i 
54° 
53} 
53i 
53i 
53° 

52} 

5ai 
52} 
59° 

51} 
514 
5ii 
51° 

50} 
504 
50} 

50° 

49I 
494 
49* 
49° 

48} 
484 

m 

48° 

47} 

474- 

47} 
470 

46} 
464 
46} 
460 
45} 
454 
45* 
45° 

1 

Dep. 

Lat 

Dep. 

Lat 

Dep. 

Lat 

Dep. 

Lat 

Dep. 

2.500 
2.519 
2.538 
2.556 
2.575 
2.594 
a. 612 
2.63i 
2.65o 
2.668 
2.686 
2.705 
2.723 
2.741 
2.760 

2.778 
2.796 
2.814 

2.832 

2.85o 

5. 
5 
5 
5. 
5 
5. 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 
4 
4 
4 
4 

196 

183 
170 
1 56 
i43 

\'t 
102 
088 
074 
060 
o46 
o32 
018 
oo3 
989 
974 
960 
945 
930 

3 -ooo 
3.023 
3-045 
3.068 
3-090 
3-113 
3.135 
3.157 
3-180 

3-202 
3-224 

3-246 
3.268 
3.290 
3.3if2 
3.333 
3-355 
3-377 
3.398 
3.420 

6.062 

6-047 
6.o3i 
6-016 
6.000 
5.984 
5.968 
5.952 
5.936 
5.920 
5.904 
5.887 
5.871 
5.854 
5.837 
5.820 
5-8o3 
5.786 
5.769 
5.752 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

5oo 
526 
553 

579 
6o5 
63 1 
657 
683 

?3? 

761 
787 
812 

-538 
-864 
889 
914 
.940 
-965 
.990 

6.928 
D.911 
6.893 
6.875 
6.857 
6.839 
6.821 
6.8o3 
6.784 
6-766 
6-747 
6.728 
6-709 
6-690 
6-671 
6-652 
6-632 
6-6i3 
6.593 
6.573 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

000 
u3o 
060 
090 
120 
i5o 
180 
210 
239 

f^ 

3i8 
357 
386 
4i6 
445 
474 

502 

53  £ 
56o 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
/ 

7 
7 
7 
7 
7 
7 

794 
775 
755 
735 
7i5 
694 
674 
653 
632 
612 
591 

527 
5o5 
483 
46i 
439 
417 
395 

4.500 
4-534 
4-568 
4-602 
4-635 
4-669 
4-702 
4.736 

4.769 
4-802 
4-836 
4-869 
4.902 
4-9^ 
4-967 
5 -000 
5-033 
5-065 
5.098 
5.i3o 

2.868 
2.886 
2.904 
2.921 
2.939 
2.957 
2.974 
2.992 
3.009 
3.026 
3.044 
3.061 
3-078 
3.095 
3-ii3 
3.i3o 
3-147 
3.164 
3.180 
3.197 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

;9i5 

■  885 
.869 
-854 
-839 
.823 
.808 
.792 
'776 
.760 
•744 
.728 

■  712 
■696 

■  646 
.63o 
.6i3 

3-441 
3-463 
3-484 
3.5o5 
3.527 
3.548 
3.569 
3.590 
3. 611 
3.632 
3.653 
3.673 
3.694 
3.715 
3.735 
3-756 
3.776 
3.796 
3.816 
3-837 

5.734 
5.716 

t^. 

5-663 
5.645 
5-627 
5-609 
5.590 
5-572 
5-554 
5.535 
5-5i6 
5.497 
5.478 
5-459 
5.440 
5-421 
5.401 
5-382 

4 
4 
4 
4 
.4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

.oi5 

■  o4o 
.o65 

■  090 
.ii5 
.139 
-164 

188 

.2l3 

.257 
.261 
.286 
.3io 
334 
358 
38 1 
.4o5 
429 
.453 
•476 

6-553 
6.533 
6.5i3 
6.493 
6.472 
6.452 
6.431 
6.410 
6.389 
6.368 
6.347 
6.326 
6.3o4 
6.283 
6.261 
6.239 
6.217 
6.195 
6.173 
6.i5i 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 

589 
617 
646 
674 
702 
73o 
759 
787 
8i5 
842 
870 
898 
925 
953 
980 
007 
o35 
062 

1^1 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
6 
6 
6 
6 

372 
35o 
327 
3o4 
281 
258 
235 
211 
188 
i64 
1 40 
116 

068 
043 
019 

994 
970 
945 
920 

5.162 
5.194 
5.226 
5.258 
5.290 
5.322 
5.353 
5.385 
5.416 
5-448 

5-479 
5-510 
5-541 
5-572 
5-6o3 
5-633 
5-664 
5.694 
5.725 
5.755 

3.214 
3.23i 
3.247 
3.264 
3.280 
3.297 
3.313 
3.329 
3.346 
3.362 
3.378 
3.394 
3.410 
3.426 
3.442 
3.458 
3.473 
3.489 
3.5o5 
3.520 
3.536 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

.596 
.579 
.562 
.545 
.528 
-511 
.494 

•476 
•459 
44i 
424 
406 
388 
370 
352 
334 
3i6 
298 
.280 
.261 
.243 

3-857 
3.877 
3.897 
3.917 
3.936 
3.956 
3.976 
3.995 
4.015 
4.034 
4-054 
4.073 
4-092 
4-111 
4-i3o 
4-149 
4-168 
4.187 
4.206 
4-224 
4-243 

5-362 
5.343 
5-323 
5.3o3 
5.283 
5.263 
5.243 

5-222 

5 -202 

5-182 
5. 161 
5.140 
5.II9 

5.057 
5.035 
5.014 
4.993 
4-971 
4.950 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

5qo 
.523 
.546 
.569 
.592 
6i5 
638 
661 
684 
707 

729 
752 

774 
796 
818 
84i 
863 
885 
906 
928 
950 

6.128 
6.106 
6-083 
6.061 
6.038 
6.oi5 

l^ 

5.945 
5.922 
5.898 
5.875 
5-851 
5.827 
5.8o3 

5-77? 
5.755 
5.730 
5.706 
5.681 
5.657 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

l42 

;5 

222 
248 
275 
3oi 
327 
353 
379 
4o5 
43o 
456 
48 1 
507 
532 
557 
582 
607 
632 
657 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

894 
869 
844 
818 

74l 
7i5 
688 
662 
635 
609 
582 
555 
528 
5oi 
474 
447 
419 
392 
364 

5.785 
5.8i5 
5.845 
5.875 
5.905 
5.934 
5.964 
5.993 
6.022 
6.o5'i 
6.080 
6.109 
6.138 
6.167 
6.195 
6.224 

6.252 

6.280 
6.308 
6-336 
6.364 

Lat 

Dep. 

Lat 

Dep. 

Lat 

Dep. 

Lat 

Dep. 

Lat 

8 

e 

■7      I 

a 

0 

TABLE  OF  CHORDS:  [Radius -xsLOOOO],          | 

M. 

o' 

f 
2 

3 
4 
5 
6 

7 
8 

9 

lO 

II 

12 

i3 
i4 
i5 
i6 

\l 

20 

31 
22 
23 
24 
25 
26 

a? 

28 

3o 
3i 

32 

33 
34 
35 
36 

37 
38, 

4o 

4i 

42 

43 
44 
45 
46 
41 
48 

5i 

52 

53 
54 
55 
56 

57 
58 

i 

0° 

•oooo 
.ooo3 
•oooO 
.0009 
.0012 
•00^5 

•  0017 
.0020 

•  0023 
.0026 
•0029 

.0O32 

.oo35 
.oo38 
.oo4i 
.0044 
.0047 
.0049 
.oo52 
.oo55 
.oo58 

.0061 
.0064 
-0067 
.0070 

•  0073 

•  0076 
.0079 
.0081 
.0084 
.0087 

.0090 
.0093 
.0096 
.0099 
.0102 

•  oio5 
.0108 
•out 
.oii3 
.ofi6 

•  0119 

•  0122 
.0125 
.0128 
•oi3i 

•  oi34 
.0137 
.oi4o 
.0143 
.0145 

.0148 

•  oi5i 
.0154 
.0157 
.0160 
.oi63 
.0166 

•  0169 
.0172 
.0175 

.0175 
.0177 
.0180 
.oi83 
.0186 
.0189 
.0192 
.0195 
.0198 

>020I 
.0204 

a^ 

8° 

40 

.0698 
.0701 
.0704 
.0707 
.0710 
.0713 
.0715 
.0718 
.0721 
•0724 
.0727 

.0730 
.0733 
.0736 
.0739 
.0742 
.0745 
.0747 
.0750 
.0753 
.0756 

.0759 
.0762 
.0765 
.0768 
.0771 
•0774 
.0776 

•0779 
.0782 
.0785 

.0788 
.0791 
.0794 
.0797 
.0800 
.o8o3 
.0806 
.0808 
.0811 
.0814 

.0817 
.0820 
.0823 
.0826 
.0829 
.0832 
.o835 
.o838 
.0840 
.0843 

.0846 
.0849 
.0852 
.o855 
.o858 
.0861 
.0864 
.0867 
.0869 
.0872 

•1 

.0872 
.0875 
.0878 
.0881 
.0884 
.0887 
.0890 
.0893 
.0896 
.0899 
.0901 

.0904 
.0907 
•0910 
.0913 
.0916 
.0919 
.0922 
.0925 
.0928 
.0931 

.0933 
.0936 
.0939 
.0942 
.0945 
.0948 
.0951 
.0954 
.0957 
.0960 

.0962 
.0965 
.0968 
.0971 
.0974 
.0977 
.0980 
.0983 
.0986 
.0989 

.0992 
•0994 
.0997 
.1000 
.ioo3 
.1006 
.1009 
.1012 
.ioi5 
.1018 

.1021 
.1023 
.1026 
.1029 
.io32 
.io35 
.io38 
.io4i 
•io44 
.1047 

6° 

•io47 
.io5o 
.io53 
.io55 
.io58 
.1061 
.1064 
.1067 
.1070 
.1C73 
.1076 

.1079 
.1082 
.1084 
.1087 
.1090 
.1093 
.1096 
.1099 
.1102 
.iio5 

7^ 

.1221 

.1324 
.1227 
.I23o 

.1233 
.1235 
.1238 
.1241 
.1244 
.1247 

.I250 

.1253 
.1256 
.1269 
.1262 
.1265 
.1267 
.1270 
.1273 
.1276 
.1279 

8° 

.1395 
.1398 
.i4oi 
.i4o4 
.1407 
.i4io 
.i4i3 
.i4i5 
.i4i8 
.1421 
.1424 

.1427 
.i43o 
.1433 
.1436 
.1439 
.1442 
.1444 
•1447 
.i45o 
.1453 

9« 

.1569 
.1572 
.1575 
.1578 
.i58i 
.1584 
.1587 
.1589 
.1592 
.1595 
.15^ 

.1601 
.1604 
.1607 
.1610 
.i6i3 
.1616 
.1618 
•  1621 
.1624 
.1627 

lO^* 

C 

I 
2 

3 
4 
5 
6 

7 
8 

9 

ID 

II 
12 
l3 

i4 
i5 
16 

17 
18 

»9 
20 

21 
\1 
23 
24 
35 
36 

27 
38 

?9 
3o 

3i 

33 

33 
34 
35 
36 

37 
38 

I 

4x 
42 
43 
44 
45 
46 
47 
48 

t 

5i 

52 

'53 
54 
55 
56 
57 
58 

.0349 
.o352 
.0355 
.o358 
.o36i 
.o364 
.o366 
.o369 
.0372 
.0375 
.0378 

-0524 
.0526 
.0529 
.0532 
.o535 
.o538 
.o54i 
.0544 
.o547 
.o55o 
.0553 

.o556 
.o558 
.o56i 
.o564 
.0567 
.0570 
.0573 
.0576 
.0579 
•  0582 

.o585 
.o588 
.0590 
.0593 
.0596 
.0599 
.0602 
.o6o5 
.0608 
.0611 

.0614 
.0617 
.0619 
.0622 
.0625 
.0628 
.o63i 
.0634 
.0637 
.o64o 

.0643 
.0646 

.0649 
.o65i 
.o654 
.0657 
.0660 
.o663 
.0666 
.0669 

-0672 
.0675 
.0678 
.0681 
.o683 
.0686 
.0689 
.0692 
.0695 
.0698 

.1743 
.1746 

•1749 
.1752 
.1755 
.1758 
-1761 
.1763 
.1766 
.1769 
•177a 

.0207 
.0209 

•  0212 

•  02l5 

.0218 

•  0221 

•  0224 
•0227 
.023o 

.0233 

.o38i 
.0384 
.o387 
.0390 
.0393 
.0396 
.0398 
•  o4oi 
.o4o4 
.0407 

.1775 

.1778 
.1781 
•1784 
•1787 
.1789 
.1792 
.1795 
.1798 
.1801 

.0236 
.0239 
.0241 

.0244 

.0247 

.025o 

.0253 
•  0256 
.0259 
.0262 

.0265 
.0268 
.0271 
.0273 
.0276 
.0279 
.0282 
.0285 
.0288 
.0291 

.o4io 
.o4i3 
.0416 
.0419 
.0422 
.0425 
.0428 
.o43o 
.0433 
.o436 

.0439 
.0442 
.0445 
.0448 
.045 1 
.0454 
•0457 
.o46o 
.0462 
.o465 

•  1108 
.1111 
.1114 
.1116 
.1119 
.1122 

.1125 

.1128 
.ii3i 
.1134 

.1282 
.1285 
.1288 
.1291 
.1294 
.1296 

.7299 
'l302 

i3o5 
.i3o8 

.1456 
.1459 
.1462 
.1465 
.1468 
.1471 
.1473 
.1476 

•1479 
.1482 

.1485 
.1488 
.1491 
.1494 
.1497 
.i5oo 
.i5o2 
.i5o5 
.i5o8 
.i5ii 

.i5i4 
.i5i7 

.l520 

.1523 
.1526 
.1529 
.i53i 
.1534 
.1537 
.i54o 

.1543 
.1546 

.1549 
.1552 
.1555 
.1558 
.i56o 
.1563 
.1566 
.1569 

.i63o 
.1633 
.1636 
.1639 
.1642 
.1645 

.1647 
.i65o 
.1653 
.1656 

.1659 
.1662 
.1665 
.1668 
.1671 
.1674 
.1676 

.1679 
.1682 
.1685 

.1688 
.1691 
.1694 
.1697 
.1700 
.1703 
.1705 
.1708 
.1711 
.1714 

•1717 
.1720 
.1723 
.1726 
.1729 
.1732 
.1734 
.1737 
.1740 
.1743 

.1804 
.1807 
.1810 
.i8i3 
.1816 
.1818 
.1S21 
.1824 
.1827 
.i83o 

.1833 
.1836. 
.1839 i 
.1842 
.1845 

.1847 
.i85o 
.1853 
.1856 
.1859 

.1862 
.1865 
.1868 
.1871 
.1873 
.1876 

.1879 
.1882 
.1885 
.1888 

.1891 
.1894 
.1897 
.1900 
.1902 
.1905 
.1908 
.1911 
.1914 
.1917 

.1137 
.ii4o 
.1143 
.1145 
.ii48 
.ii5i 
.1154 
.1157 
.1160 
.ii63 

.1166 
.1169 
.1172 
.1175 
.1177 
.1180 
.1183 
.1186 
.1189 
.1192 

.1195 
.1198 
.1201 
.1204 
.1206 
.1209 
.1212 

.1215 

.1218 

*I22I 

.i3ii 
.i3i4 
.i3i7 

.l320 

.i323 
.i325 
.i328 
.i33i 
.1334 
.1337 

.i34o 
.1343 
.1346 

.1349 
.1352 
.1355 
.1357 
.i36o 
.i363 
.1366 

.1369 
.1372 
.1375 
.1378 
.i38i 
.1384 
.1386 
.1389 
.1392 
.1395 

.0294 
.0297 
.o3oo 
.o3o3 
.o3o5 
.o3o8 
.o3ii 
.o3i4 
.o3i7 
.o32o 

.0323 
.0326 
.0329 
.0332 
.o335 
.0337 
.o34o 
.0343 
o346 
.0349 

.o4Q8 
.0471 
.0474 
•0477 
.0480 
.0483 
.0486 
.0489 
.0492 
.0494 

•0497 
.o5oo 
.o5o3 
.o5o6 
.o5o9 
.o5i2 
.o5i5 
.o5i8 
.o52i 
•o5?4 

TABLE  OF  CHORDS:  [Radius  =  1.0000]. 

M. 

o' 

1 
2 

3 
4 
5 
6 

7 
8 

9 

lO 

II 

12 

i3 
i4 
i5 
i6 

17 
i8 

»9 

20 

21 
22 

a3 

24 

26 

27 
28 

It 

3i 

32 

33 
34 

-! 

4ii 

42: 

43! 

44 

45  i 

46, 

47' 

48. 

5o 

5i 

52 

53 
54 
55 

56 

57 
58 

60 

11° 

.1917 
.1920 
.1923 
.1926 
.1928 
.1931 
.1934 
.1937 
.1940 
•1943 
.1946 

•1949 
.1952 
.1955 
.1957 
.i960 
.1963 
.1966 
.1969 
.1972 
.1975 

.1978 
.1981 
.1983 
.1986 
.1989 
.1992 
.1995 
.1998 
•  2001 
.2004 

.2007 
.2010 
.2012 

.20l5 

.2018 
.2021 
.2024 
.2027 
.2o3u 
.2o33 

190 

.2091 
.2093 
.2096 
.2099 
•  2102 
.2io5 
.2108 

.2111 
.2Il4 
.2117 
.2119 

.2122 
.2125 
.2128 
.2l3l 
•2134 
.2137 

.2i4o 

.2143 

.2146 
.2148 

.2l5l 

.2154 
.2157 
.2160 
.2i63 
.2166 
.2169 
.2172 
.2174 
•2177 

13° 

.2264 

.2267 

.2270 
.2273 
.2276 

.2279 
.2281 
.2284 
.2287 
.2290 
.2293 

14° 

.2437 
.2440 
.2443 
.2446 
.2449 

.2452 

.2455 

.2458 
.2460 
.2463 
.2466 

.2611 

.2613 

.26161 

.26*191 

.2622 [ 

.2625 

.2628 

.263 1 

.2634 

.2636' 

.2639 

.2642 
.2645 
.2648 
.2651 
.2654 
.2657 
.2660 
.2662 
.2665 
.2668 

.2671 

•2674 

.2677 

.2680 

.2683 j 

.2685 

.2688 

.2691 

.2694 

.2697 

.2700 
.2703 
.2706 
.2709 
.2711 
•2714 
.2717 
.2720 
.2723 
.2726 

.2729 
.2732 
•2734 
.2-37 
.2740 
.2743 
•2746 
•2749 
.2752 
.2755 

.2758 
2760 
.2763 
.2766 
•2769 
.2772 
•2775 
•2778 
.2781 
.2783 

16° 

.2783 
.2786 
.2789 
.2792 
.2795 
.2798 
.2801 
.2804 
.2807 
.2809 
.2812 

.2815 
.2818 
•  2821 
.2824 
.2827 
.283o 

.2832 

.2836 
.2838 
.2841 

.2844 
•2847 
.285o 
.2853 
.2855 
.2858 
.2861 
.2864 
.2867 
.2870 

.2873 
.2876 
.2878 
.2881 
.2884 
.2887 
.2890 
.2893 
.2896 
.2899 

.2902 
.2904 
.2907 
.2910 
.2913 
.2916 
.2919 
.2922 
.2925 
.2927 

.2930 
.2933 
.2936 
.2939 
.2942 
•2945 
.29.J8 
.2950 
.2953 
.2956 

17° 

.2956 
.2959 
.2962 
.2965 
.2968 
•2971 
•2973 
.2976 
.2979 
.2982 
.2985 

.2988 
2991 
■2994 
.2996 
.2999 

.3002 

.3oo5 
.3008 
.3oii 
.3oi4 

.3017 
.3019 

.3022 

.3o25 
.3028 
.3o3i 
.3o34 
.3o37 
.3o4o 
.3o42 

.3o45 
.3o48 
.3o5i 
.3o54 
.3o57 
.3060 
.3o63 
.3o65 
.3068 
.3071 

.3074 
•3077 
.3o8o 
.3o83 
.3086 
.3088 
.3091 
.3094 
.3097 
.3ioo 

.3io3 
.3io6 
.3109 
.3iii 
.3ii4 
.3117 
.3120 
.3123 
.3126 
.3129 

1§° 

.3129 
.3i32 
.3x34 
.3x37 
.3i4o 
.3i43 
.3x46 

.3x49 
.3x52 
.3x55 
.3x57 

.3i6o 
.3x63 
.3x66 
.3169 
.3x72 
.3175 
.3x78 
.3i8o 
3i83 
.3x86 

.3x89 
.3x92 
.3195 
.3198 
.3200 
.32o3 
.3206 
.3209 
.3212 
.32i5 

.32x8 

.3221 
.3223 

.3226 

.3229 

.3232 

.3235 
.3238 
.3241 
•3244 

.3246 
.3249 

.3252 

.3255 
.3258 
.3261 
.3264 
.3267 
.3269 
.3272 

.3275 
.3278 
.3281 
.3284 
.3287 
.3289 
.3292 
.3295 
.3298 
.3301 

10° 

.33oi 
.33o4 
.3307 
.33x0 
.33x2 
.33x5 
.33x8 
.3321 
.3324 
.3327 
.3330 

.3333 
.3335 
.3338 
.3341 
.3344 
•3347 
.3350 
.3353 
.3355 
.3358 

.336x 
.3364 
.3367 
.3370 
.3373 
.3376 
.3378 
.338x 
.3384 
.3387 

.3390 
.3393 
.3396 
.3398 
.340X 
.3404 
.3407 
.3410 
.3413 
.3416 

20° 

.3473 
.3476 

•3479 
.3482 

.3484 
.3487 
•3490 
.3493 
.3496 

.3499 
.35o2 

.35o4 
.3507 
.35io 
.35x3 
.35x6 
.3519 

.3522 

.3525 
.3527 
.3530 

.3533 
.3536 
.3539 
.3542 
.3545 

•3547 
.3550 
.3553 
.3556 
.3559 

.3562 
.3565 
.3567 
.3570 
.3573 
.3576 

•3579 
.3582 
.3585 
.3587 

21° 

.3645  : 

.3648 

.365o 

.3653 

.3656 

.3659 

.3662  ; 

.3665 

.3668  1 

.3670 

.3673  1 

.3676  1 

•3679, 
.3682  i 
.3685  1 
.3688] 
.36901 
.3693  1 
.3696 
.3699 
.3702 

.3705 

.3708 

.3710 

.37x3  1 

.3716 

.37x9 

.3722 

.3725 

.3728  ' 

.3730  : 
.3733  1 

.3736  1 
.3739  t 
•3742 
•3745  ' 
•3748  1 
.3750' 
.3753 
.3756 
•3759 

.3762 

.3765 

.3768 

.37701 

.3773 

•3776  1 

•3779 i 
.3782 
.3785  1 
.3788 

.3790 

•3793 

•3796  I 

•3799; 
.3802' 

.38o5 
.3808 
.38x0 
.38x3 
.38x6 

M. 
0' 
2 

3 
4 
5 
6 

7 
8 

9 
xo 

XI 
12 

i3 
i4 
x5 
x6 

17 
18 

'9 
20 

21 
22 

23 

24 

26 

27 
28 

3o 

3i 

32 

33 
34 
35 
36 

37 
38 

4o 

4i 
42 
43 
44 
45 
46 
47 
48 

5o 

5i 

52 

53 
54 
55 
56 

U 

.2296 

.2299 

.2302 

.23o5 
.2307 

.23lO 

.23i3 
.23i6 
•  23x9 

.2322 

.2325 
.2328 

.2331 
.2333 
.2336 
.233^ 
.2342 
.2345 
.2348 
.2351 

.2469 
.2472 
•2475 
•2478 
.2481 
.2484 
.2486 
.2489 
•2492 
•2495 

.2498 
.25oi 
.25o4 
.2507 

.25lO 
.25l2 

.25i5 
.25i8 

.2521 
.2524 

.2527 
.253o 
.2533 
.2536 
.2538 
.2541 
•2544 
•2547 
.255o 
^2553 

.2556 
.2559 
.2561 
.2564 
.2567 
.2570 
.2573 
.2576 
.2579 

.2582 

.2585 
.2587 
.2590 
.2593 
.2596 
.2599 
.260a 
.2605 
.2608 
.2611 

.2180 
.2183 
.2186 
.2189 
.2192 
.2195 
.2198 
.2200 

.2203 
.2206 

.2354 
.2357 
.2359 

.2362 

.2365 
.2368 
.2371 
•2374 
•2377 
.2380 

.2383 
.2385 
.2388 
.2391 
.2394 
.2397 
.2400 
.24o3 
.2406 
.2409 

.2411 
•24i4 
•2417 
.2420 
.2423 
.2426 
•2429 
.2432 
.2434 
•2437 

.2o36 
.2038 
.2041 
.2044 
.2047 
.2o5o 

.2053 

.2o56 
.2059 
.2062 

.2209 
.2212 
.22l5 
.2218 
.2221 
.2224 
.2226 
.2229 
.2232 
.2235 

.3419 
.3421 
.3424 
.3427 
.3430 
.3433 
.3436 
.3439 
.3441 
•3444 

.3447 
.3450 
.3453 
.3456 
•3459 
.3462 
.3464 
•3467 
.3470 
.347:-* 

.3590 
.3593 
.3596 

•3599 
.36o2 
.36o5 
.3608 
.36io 
.36x3 
.36x6 

.3619 

.3622 

.3625 
.3628 
.363o 
.3633 
.3636 
.3639 
.3642 
3645 

.2o65 
.2067 
.2070 
.2073 
.2t76 
.2079 
.2082 
.2o85 
.2088 
•  2091 

.2238 
.2241 
•2244 
•2247 
.  225o 
.2253 
.2255 
.2258 

.2261 

.2264 
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M. 

o' 

I 
2 

3 
4 
5 
6 

7 
8 

9 

lO 

II 

12 

i3 
i4 
i5 

:; 

i8 
»9 

20 

21 
2  2 
23 
24 
25 
i6 
27 

oS 
3o 
3i 

32 

33 
34 
35 
36 

37! 
38  1 
39! 
4o 

I 

43 
44 
45 
46! 

''J 

il 

5i 

52 

53 

li 

56 

57 
58 

i 

958° 

.38i6 
.3819 

•3822 

.3825 
.3828 
.383o 
.3833 
•  3336 
.3839 
•3842 
.3545 

.3848 
.385o 
.3853 
.3856 
.3859 
.3862 
.3865 
.3868 
.3870 
.3873 

.3876 
.3879 
.3b82 
.3885 
.3888 
.3890 
.3893 
.3»96 
.3899 
.3902 

:3;.5 

.3 ,  S 
.3     J 
.3  3 
.3  5 

t.l 

.3  5 
.3  7 

.3   3 

.3  3 
.3  5 

:l  I 

.3  3 
•3  7 
.3  ^ 
•3,  3 
.3p6 
•3/9 

.3y,2 
.3  5 
•3  7 
.3  J 
.3  3 
.3  [) 

-.1  I 

.3  5 
.3  7 

23° 

.3987 
.3990 
.3993 
.3996 
.3999 

.4CX)2 

.4004 
.4007 
.4010 
.4013 
.4016 

.4019 
.4022 
.4024 

.4027 

.4o3o 
.4033 
.4o36 
.4039 
.4042 
.4044 

•4o47 
.4o5o 
.4053 
.4o56 
.4059 
.4061 
.4064 
.4067 
.4»)7t> 

•4073 

.4076 

.4079 
.40b  I 
.4084 
.4087 

.4090 

.4093 
.4096 
.4098 

.4101 

.4104 

.4107 

'Alio 

.4113 
.4116 
.4118 
.4121 
.4124 
.4127 
.4i3o 

.4i33 
•4135 
.4i38' 
•4i4i! 
•4144' 
.4147 
.4i5o 
.4153 
.4i55| 
.4i58 

24° 

.4i58 
.4i6r 
.4164 
.4167 
•4170 
.4172 
.4f75 
•4178 
.4181 
.4184 
•4187 

.4190 
•4192 
•4195 
•4198 
.4201 
.4204 
.4207 
.4209 

•  4212 
.4215 

.4218 
.4221 
•4224 

•  4226 
.4229 
.4232 
.4235 
•4238 
.4241 
.4244 

.4246 
.4249 
.4252 
.4255 

•  4258 
.4261 
.4263 
.4266 
.4269 
.4272 

.4275 
.4278 
.4280 

•  4283 
.4286 
.4289 
•4292 
.4295 
.4298 
.4300 

.43o3 
.4306 
.4309 
.4312 
.43i5 
•43i7 
.4320 

•  4323 
.4326; 
•4329 

a»'j° 

.4329 
.4332 
•4334 
.4337 
.4340 
•4343 
.4346 
•4349 

•435;i 
.4354 
.4357 

.4360 
.4363 
.4366 
.4369 
•4371 
.4374 
•4377 
.4380 
.4383 

•  4386 

•  4388 
.4391 
.4394 
.4397 
.4400 
.4403 
.44o5 
.4408 
•4411 
.4414 

.4417 
.4420 
•4422 
•4425 
.4428 
.4431 
•UM 
•4437 
•4439 
•4442 

•4445 
.4448 

•  4451 
•4454 
.4456 
.4459 
.4462 

•  4465 
.4468 
.4471 

.4474 
•4476 

•4479 
.4482 
.4485 
.4488 
.449* 
.4493 
.4496 
.4499 

26° 

.4499 
.4502 
.45o5 
.4508 
.4510 
.45i3 
.4516 
•4519 
.4522 
.4525 
•4527 

.4530 
.4533 

•  4536 
.4539 
.4542 
.4544 
.4547 
.4550 
.4553 

•  4556 

•4559 
.4561 

•  4564 
•4567 
.4570 
•4573 
•4576 
•4578 

•  4581 

•  4584 

•4587 
.4590 
.4593 
.4595 
.459b 
.4601 
.4604 
.4607 
.4609 
.4612 

.461 5 
.4618 
.4621 
.4624 
.4626 
.4629 

•  4632 
.4635 
.4638 

•  4641 

.4643 

•  4646 

.4649 
.4652 
.4655 
.4658 
.4660 

•  4663 
.4666 
.4669 

97° 

.4669 
.46721 
.4675 

.4677 
.4680 

•  4683 
.4686 
.4689 
.4692 
•4694 
•4697 

.4700 
.4703 
.4706 
.4708 
.4711 
.4714 
.4717 
.4720 
.4723 
•4725 

.4728 
•473 1 
•4734 
•4737 
•4740 
.4742 
•4745 
•4748 
•4751 
•4754 

.4757 
•4759 
•4762 
.4765 
.4768 
•477* 
.4773 
•4776 
•4779 

.4782 

.4785 
.4788 

.4790 
.4793 
•4796 

•4799 
.4802 

.4805 
.4807 
.4810 

.48i3 
.4816 
.4819 
.4822 
.4824 
.4827 
.483o 
.4833 
.4836 

•  4838 

9§° 

•  4838 
.4841 
'AHA 
•4847 
.485o 
.4853 
.4855 
.4858 
.4861 
.4864 
.4867 

.4869 
.4872 
•4875 
.4878 
.4881 

•  4884 
.4886 
.4889 
.4892 
.4895 

.4898 
.4901 
.4903 
.4906 
.4909 
.4912 
.4915 
.4917 
.4920 
.4923 

.4926 

.4929 
.4932 
•4934 
•4937 
.4940 
•4943 
.4946 
.4948 
.4951 

.4954 
•4957 
.4960 
.4963 
.4965 
.496b 
•4971 
•4974 
•4977 
•4979 

.4982 
.49S5 
.4988 

.499* 
.4994 

.4996 

•4999 
.5oo2 

•  5oo5 
.5008 

90° 

.5008 
.5oio 
.5oi3 
.5016 
.5019 

.5o22 
.5024 
.5027 

.5o3o 
.5o33 
.5o36 

.5o39 
.5o4i 
.5044 
.5047 
.5o5o 
.5o53 
.5o55 
.5o58 
.5061 
.5o64 

.5067 
.5070 
.5072 
.5075 
.5078 
.5081 
.5084 
.5o86 
.5089 
•  5092 

.5095 
.5098 
.5100 
.5io3 
.5106 
.5109 
.5112 
.5ii5 
.5117 
.5120 

.5123 
.5126 
.5129 
.5i3i 
.5i34 
.5i37 
.5i4o 
.5143 
.5145 
.5i48 

.5i5i 
.5i54 
.5i57 
.5160 
.5162 
.5i65 
.5168 
.5i7i 
•5174 
.5176 

80° 

.5176'.' 

.5179  1 
.5182  „ 
.5i85 
.5188 
.5190 
•5193  ' 

.5196  ; 

.5199 

.5202 

•52o4  i 

.5207 
.5210 
.5213  ' 
.5216  , 
.5219 

•5221 

.5224  ! 

•5227 

.523o  1; 

•5233  : 
.5235  : 

.5238 
.5241 
.5244 

•5247 ;' 

.5249': 

•5252 

.5255 
.5258 

.5261  : 

.5263 
.5266 

.5269  : 

.5272  ! 
•5275  i, 

•5277  [ 
.5280 
.5283  ; 
.5286  , 
.5289  j 

.5291 

.5294 

.5297; 

.53oo 

.53o3 

.53o6 

.5308  1 

.5311 

.5314' 

•53i7  1 

.53201 

.5322  1 

.5325 
.5328  ' 
.5331  1 
.5334 
.5336  : 
•5339  , 
•5342  i 

.5345  !j 

81° 

.5345 
.5348 
.5350 
.5353 
.5356 
.5359 
.5362 
.5364 
.5367 
.5370 
.5373 

.5376 
.5378 
.5381 
.5384 
.5387 
.5390 
.5392 
.5395 
.5398 
.5401 

.5404 
.5406 
.5409 
.5412 
.54i5 
.5418 
.5420 
.5423 
.5426 
.5429 

.5432 
.5434 
.5437 
.5440 
.5443 
.5446 
.5448 
.5451 
.5454 
.5457 

.5460 
.5462 
.5465 
.5468 
•5471 
.5474 
•5476 

•5479 
.5482 

.5485 

.5488 
.5490 
.5493 
.5496 

.5499 
.5502 

.5504 
.5507 
.55io! 
.55i3! 

89°  I 

.55i3 
.5516 
.55i8 
.552  1 
.5524 
.5527 
.5530 
.5532 
.5535 
.5538 
.5541 

.5543 
.5546 

.5549 
.5552 
.5555 
.5557 
.5560 
.5563 
.5566 
.5569^ 

.5571 

.5574 

•5577  ; 

.5580 

.5583 

.5585 

.5588  , 

.5591  j 

.55941 

•5597 

.5602 
.56o5: 
.5608  , 

.56ii  ; 

.56i3  , 

.5616 

.5619 

.5622 

.5625  ; 

.5627  i 
.563oi 
.5633  , 
.5636, 
.5638  , 
564 1  1 
.5644 
•5647 
.565o| 
.5652  . 

.5655 

.5658 

.5661 

.5664, 

.5666 

.5669 

.5672 

.5675 

.5678, 

.5080  1 

M. 

0' 

I 
2 

3 

i 

6 

7 
8 

9 
10 

II 

12 

i 

i5 
16 

17 
18 

19 
20 

ai 
22 

23 

24 

25 

26 
27 
28 
29 
3o 

3i 

32 

33 
34 
35 
36 

37 
38 

l^ 
4o 

4i 
42 
43 
44 
45 
46 
47 
48 
49 
5o 

5i 

52 

53 
54 
55 
56 

57 
58 

60 

10 
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M. 

33° 

34° 

35° 

36° 

37° 

3§° 

39° 

40° 

41° 

42° 

43° 

M. 

O' 

.5()8o 

.5847 

.6014 

.6180 

.6346 

.65ii 

.6676 

.6840 

.7004 

.7167 

.7330 

0 

I 

.5683 

.585o 

.6017 

.6i83 

.6349 

.65i4 

.6679  .6843  i' 

.7007 

.7170 

.7333 

I 

3 

.5686 

.5853 

.6020 

.6186 

.6352 

.65.7 

.6682 

.6846 

.7010 

.7173, 

•7335 

2 

3 

.56«9 

.5856 

.6022 

.6189 

.6354 

.6520 

.6684 

.6849  ! 

.7012 

.7176 

.7338 

3 

4 

.569, 

.5859 

.6025 

.6191 

.6357 

.6522 

.6687 

.6851  1 

.7015 

•7'78 

•7341  1 

4 

5 

.5694 

.5861 

.6028 

•6194 

.636o 

.6525 

•  6690 

.6354  1 

.7018 

.7181 

•7344 

5 

6 

.5697 

.5864 

.6o3i 

•6197 

.6363 

.6528 

.6693 

.6857 

.7020 

.71841 

•7346  1 

6 

7 

0700 

.5867 

.6034 

.6200 

.6365 

.6531 

.6695 

.6860 

.7023 

.7186 

•7349; 

n 

8 

.5703 

.5870 

.6o36 

.6202 

.6368 

.6533 

.6698 

.6862 

.7026 

.7189 

•7352 

^ 

9 

.5705 

.5872 

.6039 

.6205 

.6371 

.6536 

.6701 

.6865 

.7029 

.7192 

.7354  1 

9 

lO 

.5708 

.5875 

.6042 

.6208 

.6374 

.6539 

•  6704 

.6868 

.7031 

.7195 

•7357 

10 

II 

.5711 

.5878 

.6045 

.6211 

.6376 

.6542 

.6706 

.6870 

•7o34 

•7197 

.7360' 

11 

12 

.5714 

.588 1 

.6<347 

.6214 

.6379 

.6544 

.6709 

.6873 

.7037 

.7200 

•7362 

12 

i3 

.5-17 

.5884 

.6o5o 

.6216 

.6382 

•6547 

.6712 

.6876 

.7040 

.7203 

.7365  1 

i3 

i4 

.5719 

•  5886 

.6o53 

.6219 

.6385 

.655o 

.6715 

.6879 

.7042 

.7205 

•  7368 

i4 

i5 

.5722 

.5889 

.6o56 

•  6222 

.6387 

.6553 

.6717 

.6881 

•7045 

.7208 

•7371  ! 

i5 

i6 

.5725 

.5892 

.6o58 

.6225 

.6390 

.6555 

.6720 

.6884 

.7048 

.7211 

•7373  ; 

16 

17 

.5728 

.5895 

.6061 

.6227 

.6393 

.6558 

.6723 

.6887 

•7o5o 

.7214 

.7376  1 

17 

i8. 

.5730 

•5897 

.6064 

.6230 

.6396 

.6561 

.6725" 

.(?890 

.7053 

•  7216 

.7379  1  18  1 

19' 

.5733 

.5900 

.6067 

.6233 

.6398 

.6564 

.6728 

.6892 

.7056 

.7219 

•738i  ;|i9| 

20 

.5736 

.5903 

.6070 

.6236 

.6401 

.6566 

.6731 

.6895 

.7059 

.7222 

•7384 

20 

21 

•5739 

.5906 

•  6072 

.6238 

.64o4 

.6569 

.6734 

.6898 

.7061 

.7224 

.7387 

21 

22 

■5742 

.5909 

.6075 

.6241 

.6407 

.6572 

.6736 

.690, 

.7064 

.7227 

•7390  , 

22 

23 

0744 

.5911 

.6078 

.6244 

.64io 

.6575 

.6739 

.6903 

.7067 

.7230 

.7^92  1 

23 

24 

•5747 

.5914 

.6081 

•6247 

.6412 

•6577 

.6742 

.6906 

.7069 

.7232 

.7395  ; 

24 

25] 

.5750 

•5917 

.6o83  ! 

.6249 

.64i5 

.658o 

•6745 

.6909 

.7072 

.7235 

7393  '  25 

26 

.5753 

.D920 

.6086 

.6252 

.64i8 

.6583 

•6747 

.6911 

.7075 

.7238 

.7400  26 

27! 

.5756 

.5922 

.6089 

.6255 

.6421 

.6586 

.6750 

.6914 

•7078 

.7241 

.7403  1  27 

28  i 

.5758 

.5925 

.6092 

.6255 

•6423 

.6588 

.6753 

.6917 

.7080 

•7243 

.7406  28 

29 

.5761 

.5928 

.6095 

.6260 

.6426 

.6591 

.6756 

.6920 

.7083 

.7246 

.7408  '!  29 

30; 

.5764 

.5931 

.6097 

.6263 

•  6429 

.6594 

.6758 

.6922 

.708b 

.7249 

.7411  i  3o 

3i  1 

.5767 

.5934 

.6100 

.6266 

.6432 

.6597 

.6761 

.6925 

.7089 

.7251 

.7414  3i 

32  1 

•5769 

.5936 

.6io3 

.6269 

•6434 

.6599 

.6764 

.6928 

.7091 

•7254 

.7417  '  32 

33 

.5772 

.5939 

.6106 

.6272 

.6437 

.65u2 

.6767 

.6931 

.7094 

•7257 

.7419!  33 

34; 

.5775 

.5942 

.6108 

•6274 

.6440 

.66o5 

.6769 

.6933 

.7097 

.7260 

.7422  34 

35 

•5778 

.5945 

.6111 

.6277 

.6443 

.6608 

.6772 

.6936 

.7099 

.7262 

.7425 

35 

36' 

.5781 

•5947 

.6114 

.6280 

•6445 

.6610 

.6775 

.6939 

.7102 

.7265 

•7427 

36 

37  1 

.5783 

.5950 

.6117 

•  6283 

.6448 

.66i3 

.6777 

.694. 

.7105 

.7268 

•743o; 

37 

38  1 

.5786 

.5953 

.6119 

.6285 

.6451 

.6616 

.6780 

.6944 

.7108 

.7270 

•7433  ' 

38 

39' 

.5789 

.5956 

.6122 

.6288 

.6454 

.6619 

.6783 

•6947 

.7110 

•7273 

.7435 

39 

40 
4i 

.5792 
•5795 

.5959 
.5961 

.6125 
.6128 

.6291 
.6294 

.6456 

.6621 

.6786 
.6788 

.6950 
.6952 

.7113 
.7116 

.7276 
•7279 

•7438 
•7441 

40 
4i 

.6459 

.6624 

42 

•5797 

.5964 

.6i3o 

.6296 

.6462 

.6627 

.6791 

.6^55 

.7118 

.7281 

•7443 

42 

43 

.  5ttc»o 

•5967 

.6i33 

.6299 

.6465 

.663o 

•6794 

.6958 

.7121 

.7284 

•7446 

43 

44  1 

.58o3 

.5970 

.6i36 

.63o2 

.6467 

.6632 

.6797 

.6961 

.7124 

•7287 

•7449 

AA 

45; 

.5806 

.5972 

.6139 

.63o5 

.6470 

.6635 

.6799 

.6963 

.7127 

.7289 

•7452 

45 

46 

.58o8 

•5975 

.6.42 

.63o7 

•6473 

.6638 

.68u2 

.6966 

.7129 

.7292 

•7454 

46 

47 

.5811 

•5978 

.6144 

.63io 

.6476 

.6640 

.68o5 

.6969 

.7132 

.7295 

•7457 

47 

48! 

.58i4 

.5981 

•6147 

.63x3 

.6478 

.6643 

.6808 

.6971 

.7135 

.7298 

.7460 

48 

49 

.5817 

.5984 

.6i5o 

.63i6 

.6481 

.6646 

.6810 

.6974 
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.9823 
.9826 

•9975 
•9977 

I. 0126 

1.0276 

1.0425  1.0574 

1 .0721 
1.0724 

5o 
5i 

1.0128 

1.0278 

1.0428  1.0576 

52 

.9369 

.9523 

.9676 

.9828 

.9980 

i.oi3( 

1.0281 

i.o43o  1.0579 

I .0726 

52 

53 

.9371 

.9525 

.9678 

.9«3i 

.9982 

I.0133 

1.0283 

1.0433  i.o58i 

1.0729 

53 

54  j 

•9374 

.9528 

.9681 

.9833 

.9985,1.0136 

1.0286 

1.0435  1.0584 

1.0731 

54 

55  II 

.9377 

.9530 

.9683 

•  9836 

.9987 

1.0138 

1.0288 

1.0438  1.0586 

1.0734 

55 

56 

.9379 

.9533 

.9686 

•  9838 

.9990 

i.oi4i 

1.0291 

1.0440 '1.0589 

1.0736 

56 

5711 

.9382 

•  9536 

.9689 

.9841 

.9992  1.0143 

1.0293 

1.0443  1 .0591 

1.0739 

5? 

581 

•  9384 

.9538 

.9691 

.9843 

•9995  I. 01 46 

1.0296 

1.0445:1.0593 

I. 0741 

58 

55 

.9387 

.9^41 

.9694 

.9840 

.9998  I.0148 

1.0298 

i.o447ii*o59() 

1*0744 

59 

60  .93891 

•9^3 

.9696 

•9848  loouoji .oi5i 

i.o3oi 

1.0450I1.0598 

1.0746 

60 
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TABLE  OF  CHORDS:  [Radius  =  1.0000].          | 

M. 

es"" 

ee^" 

67° 

6§° 

«9° 

70° 

71*> 

y«o 

78° 

M.. 
0' 

1.0746 

1.0893 

I. 1039 

i.n84 

1.1328 

I -1472 

i.i6i4 

1.1756 

..1896 

I 

1-0748 

1.0895 

1.1041 

I. 1186 

i.i33i 

1.1474 

I. 1616 

1.1758 

I. 1899 

I 

a 

I. 0751 

1.0898 

1.1044 

1.1189 

1.1333 

1..476 

I. 1619 

1.1760 

I. 1901 

a 

3 

1.0753 

1.0900 

1.1046 

1.1191 

1.1335 

1.1479 

I. 1621 

1.1763 

i.1903 

3 

4 

1.0756 

1.0903 

1.1048 

I . II 94 

1.1338 

1.148. 

1.1624 

1.1765 

I .1906 

4 

5 

I. 0758 

I .0905 

i.io5i 

1.1196 

i.i34o 

1.1483 

1.1626 

1.1767 

1.1908 

5 

6 

I. 0761 

1.0907 

1.I053 

1.1.98 

1.1342 

I. i486 

I. 1628 

1.1770 

1 -1910 

6 

7 

1.0763 

1.0910 

1.I056 

I. 1201 

1.1345 

1.1488 

i.i63i 

1.1772 

I .1913 

7 

8 

1.0766 

I. 091 2 

I.1058 

I . I 2o3 

1.1347 

I. 1491 

I.I633 

1-177^ 

1.I9.D 

8 

9 

1.0768 

I. 091 5 

1.1061 

1.1206 

i.i35o 

1.1493 

1.1635 

I -1777 

I. 19.7 

9 

lO 

II 

1.0771 

I. 0917 

1.1063 

1.1208 

1.1352 

1.1495 

1.1638 

1.1779 

1.1920 

10 
11 

1.0773 

1.0920 

1.I065 

I.I2IO 

I-I354 

1.1498 

I . i64o 

1.1782 

1.1922 

12 

1.0775 

1.0922 

1.1068 

I.I2I3 

1-1357 

i.i5oo 

1.1642 

1-1784 

1.1924 

1^ 

i3 

1.0778 

1.0924 

1.1070 

I  .12l5 

I -1359 

1 . 1 5o2 

1.1645 

1-1786 

1.1927 

i3 

l^ 

I • 0780 

I .0927 

I. 1073 

1.1218 

1.1362 

i.i5o5 

1.1647 

1-1789 

1.1929 

i4 

i5 

1.0783 

1.0929 

I. 1075 

1.1220 

1. 1 364 

1 . I 5o7 

i.i65o 

1-179' 

1.1931 

i5 

i6 

1.0785 

1.0932 

1.1078 

I .1222 

i.i36o 

i.i5io 

1.1652 

1-179^ 

1.1934 

16 

17 

1.0788 

1.0934 

i.io8o 

1.1225 

1.1369 

I.l5l2 

1.1654 

1.1790 

I. 1936 

17 

i8 

10790 

1.0937 

I. I 082 

1.1227 

1-137. 

i.i5i4 

1.1657 

1.1798 

1.1938 

18 

19 

I  0793 

I .0939 

I.I085 

1.1 23o 

1-1374 

i.i5i7 

1.1659 

1.1800 

I. 1941 

19 

ao 
ai 

1.0795 

1.0942 

I. 1087 

1.1232 

1.1376 

i.i5i9 

1.1661 

i.i8o3 

1.1943 

20 
21 

1.0797 

1.0944 

I. 1090 

1.1234 

I. 1378 

1.1522 

I. 1664 

i.i8o5 

I. 1946 

22 

1.0800 

1.0946 

t.1092 

1.1237 

i.i38( 

1.1524 

1.1666 

1.1807 

1.1948 

2a 

aS 

1.0802 

1.0949 

1.1094 

1.1239 

1.1363 

1.1526 

1.1668 

1-1810 

1.1950 

23 

24 

i.oti()5 

I. 0951 

1.1097 

I. 1242 

1.1366 

I .1529 

1-167. 

I.l8l2 

1.1952 

24 

a5 

1.0807 

1.0954 

I. 1099 

1.1244 

I . 1 388 

1-153. 

1-1673 

1.1814 

I .1955 

25 

26 

I. 0810 

1.0956 

I .1I02 

1.1246 

1.1390 

1-1533 

1.1676 

I. 1817 

1.1957 

a6 

27 

I. 0812 

1.0959 

1 . 1 1 o4 

1 . I  249 

1.139J 

1-1536 

1-1678 

1.1819 

1.1959 

27 

28 

i.o8i5 

I. 0961 

i.1107 

I.I251 

1.1395 

i.i53b 

1-1680 

I. 1821 

1.1962 

28 

29 

I. 0817 

1.0963 

1.1109 

I. 1254 

1.139b 

i-i54i 

1-1683 

1.1824 

1.1964 

39 

So 
3i 

1.0820 

1.0966 

i.iiii 

1-1256 

I .i4oo 

I-I543 

1-1685 

1.1826 

1.1966 

3o 
3i 

1.0822 

1.0968 

1.1114 

1.1258 

l-l4o2 

I-I545 

1.1687 

1.1829 

1.1969 

32 

1.0824 

1.0971 

1. 1116 

1.1261 

j.i4o5 

1-1548 

1.1690 

i.i83i 

1.197. 

32 

33 

1.0827 

1.0973 

1.1119 

1-1263 

1.1407 

1.1550 

1.1692 

1.1833 

1.1973 

33 

34 

1.0829 

1.0976 

1 .1121 

1 . 1 266 

1.1409 

1-1552 

1.1694 

1.1836 

1-1976 

34 

35 

1.0832 

1.0978 

1.1123 

1.126b 

1.1412 

1-1555 

1.1697 

1.1838 

1-1978 

35 

36 

1.0834 

1.0980 

1.1126 

1.1271 

..i4i4 

.-i557 

1.1699 

I -1840 

1-1980 

36 

37 

1.0837 

1.0983 

1.U28 

1.1273 

1.1417 

1 . 1 56o 

1-1702 

1-1843 

1.1963 

37 

38 

1.0839 

1.0985 

i.ii3i 

1.1275 

1.1419 

I.I562 

1-1704 

1-1845 

1.1985 

38 

39 

1.0841 

1.0988 

1.1133 

I. 1278 

1.1421 

i.i564 

1-1706 

1-1847 

1.1987 

39 

40 
4i 

i.ob44 

1.0990 

1.1136 

1.1280 

I. 1424 

1.1567 

1.1709 

i.i85o 

1.1990 

40 
4i 

1.0846 

1.0993 

I.1I38 

1.1283 

I. 1426 

1.1569 

1.1711 

1.1852 

1.1992 

42 

1-0849 

1.0995 

I. 1140 

I. 1285 

I. 1429 

1.157. 

1.1713 

1-1854 

1.1994 

42 

43 

i.o85i 

1.0997 

1.1143 

I.I2b7 

1-143. 

1-1574 

1.1716 

I-I857 

I. 1997 

43 

44 

1.0854 

!• 1000 

1.1145 

1  .  I  29<J 

1.1433 

1.1576 

1-1718 

1.1859 

I -1999 

44 

45 

i.ob56 

1 . I 002 

1.1148 

1.1292 

1.1436 

1-1579 

1.1720 

1.1861 

1 .2001 

45 

46 

1-0859 

i.ioo5 

i.ii5o 

1 . 1 295 

..1438 

i.i5bi 

r.1723 

1.1864 

1.2004 

46 

47 

1.0861 

1 • 1 007 

1.1152 

1.1297 

...441 

i-i5b3 

1.1725 

1-1866 

1.2006 

47 

48 

I.0863 

I. 1010 

I.I155 

1.1299 

I. 1443 

i.i586 

1.1727 

1-1868 

1.2008 

48 

49 

1.0866 

I. 1012 

1.1157 

l-l302 

1-1445 

i.i5b8 

1.1730 

1-1871 

1.2011 

49 

5o 

1-0868 
7^)8^ 

1 > 1014 

1.1160 

i.i3o4 

i.i44b 
i.i45o 

1 .1590 

1.1732 

I. 1873 

1.20l3 

5o 
57 

1.1017 

I. 1162 

i.i3o7 

I. 1593 

1.1735 

1.1875 

I. 201 5 

52 

1.0873 

I. 1019 

1.1165 

1 . 1 3o9 

1.1452 

1.1595 

I. 1737 

1-1876 

1.2018 

52 

53 

1.0876 

I. 1022 

1.1167 

i.i3ii 

1.1455 

1.1596 

1. 1739 

1-1880 

1.2020 

53 

54 

1.0878 

I • 1024 

1.1169 

i.i3i4 

1.1457 

f .1000 

1.1742 

1-1882 

1.2022 

54 

55 

I. 0881 

I. 1027 

1.1172 

i-i3i6 

1.1400 

1 .  1 6ir2 

1. 1744 

1.1885 

I. 2025 

55 

56 

I.0883 

I. 1029 

I-II74 

I. .3. 9 

I -1462 

i.i6o5 

1.1746 

I. 1887 

1.2027 

56 

57 

1.0885 

i.io3i 

1.1177 

1.1321 

1-1464 

1.1607 

1-1749 

1.1889 

1 . 2029 

57 

58 

1.0888 

1.1034 

1.1179 

1.1 32J 

1.1609 

1-1751 

I. 1892 

1.2o32 

58 

59 

i.o8yo 

I.I036 

I. 1181 

1.1326 

1.1469 

c..6.i 

1.1753 

1..894 

i.io34 

59 

60 

1.0893 

1.1039 

1.1184 

1.1328 

1.1472 

i.ibi4 

1.1756 

1.1896 

I  2o36 

.1 

60 

14 


TABLE   OF   CHORDS 

:    [Radius  =:!.( 

0000]. 

1 

M.   t 

_  .   1 

740 

75° 

76° 

77° 

78° 

79° 

80° 

81° 

83° 

M. 

0' 

O'     I 

.ao36 

i.ai75 

i.23i3 

1.2450 

1.2586 

1.2722 

1.2856 

1.2989 

1.3121 

I    .  I 

.ao39 

1.3178 

i.23i6 

1.2453 

1.2589 

1.2724 

1.2858 

1.2991 

1.3123 

I 

3  1     I 

•  ao4i 

I. 2180 

i.23i8 

i.245j 

1.2591 

1 .27^6 

i.iCCo 

1.2953 

i.3iie 

2 

3     I 

.ao43 

i.ai8a 

i.a3ao 

1-2457 

1.2593 

1.2728 

1.2862 

1.2996 

1.3128 

3 

4.1 

.ao46 

i.ai84 

i.a3aa 

1.2459 

1.2595 

I .3731 

1.2865 

1.2998 

i.3i3o 

4 

5;  I 

.ao48 

I. 3187 

I.a3a5 

1.2462 

1.2598 

1.3733 

1.2867 

1 . 3ooo 

i.3i32 

5 

6    I 

.ao5o 

I. 3189 

1.3337 

1.2464 

I . 2600 

1.3735 

1.2869 

1 . 3oo2 

i.3i34 

6 

7  ''  I 

.ao53 

1.3191 

i.33a9 

1.2466 

1.260*2 

1.3737 

1.2871 

i.3oo4 

i.3i37 

7 

a;  I 

.ao55 

I. 3194 

I. 333a 

1.2468 

1.2604 

I . 3740 

1.2874 

1.3007 

i.3i39 

8 

9!:  I 

.ao57 

1.3196 

1.3334 

1.2471 

I . 2607 

i.a74a 

1.2876 

1.3009 

i.3i4i 

9 

10  '    I 

.ao6o 

1.3198 

I. 3336 

1.2473 

1.2609 

1-2744 

1.2878 

1.3011 

i.3i43 

10 
11 

II  i!  I 

•  ao6a 

j.aaoi 

1.3338 

1.2475 

1. 261 1 

1.2746 

1.2880 

i.3oi3 

i.3i45 

la  li  I 

.ao64 

I.33o3 

I. 3341 

1.2478 

I. 2614 

1.3748 

1.2882 

i.3oi5 

i.3i47 

12 

i3l  I 

.ao66 

1.3205 

1.3343 

i.:r48o 

1.2616 

1.3751 

1.2885 

i.3oi8 

i.3i5o 

i3 

i4  !  I 

.ao69 

1.2208 

I. 3345 

1.2482 

1.2618 

1.3753 

1.2887 

1.3020 

1.3.52 

-i4 

i5  ii 

.3071 

1.2210 

1.3348 

1.2484 

1 . 2620 

1.3755 

1.2889 

1.3022 

i.3i54 

i5 

16  1  I 

.ao73 

I. 2212 

I.3350 

1.2487 

1.2623 

1.3757 

1.2891 

i.3o24 

i.3i56 

16 

17    I 

.2076 

I. 2214 

1.3353 

1.2489 

1.2625 

I . 3760 

1.2894 

1.3027 

i.3i58 

17 

i8|ii 

.2078 

I. 2217 

1.3354 

1. 249 1.. 

1.2627 

1.3762 

1.2896 

1.3029 

i.3i6i 

18 

19 !  1 

•  2080 

I. 2219 

1.3357 

1.2493 

1-2629 

1.3764 

1.2898 

i.3o3i 

i.3i63 

19 

ao    I 

.2o83 

I. 2221 

1.3359 

1.2496 

1 . 2632 

1.3766 

1.2900 

i.3o33 

i.3i65 

20 
21 

.ao85 

1.2224 

i.a36i 

1.2498 

1.2634 

1.3769 

1.2903 

i.3o35 

1.3167 

aalli 

.ao87 

1.2226 

i.a364 

1 . 25oo 

1.2636 

I. 3771 

1.2905 

i.3o38 

1.3169 

23 

a3    I 

.ao9o 

1.2228 

1.3366 

i.25o3 

1.2638 

1.3773 

1.2907 

i.3o4o 

1.3172 

33 

24  III 

•  ao9a 

I.223l 

1.3368 

i.25o5 

I. 2641 

1.3775 

1.2909 

i.3o42 

1.3174 

24 

a5||i 

.3094 

1.2233 

1.3370 

I . 25o7 

1.2643 

1.3778 

1. 291 1 

i.3o44 

I. 3176 

25 

26    I 

•2097 

1.2235 

1.3373 

1.2509 

1.2645 

1.3780 

1.2914 

i.3o46 

1.3178 

26 

27  !  I 

.3099 

1.2237 

i.a375 

1.2512 

1.2648 

1.378a 

1.2916 

1 . 3o49 

i.3i8o 

27 

28      I 

•  aioi 

1.2240 

I. 3377 

i.25i4 

I . 265o 

1-3784 

1.2918 

i.3o5i 

i.3i83 

28 

29!    I 

.aio4 

1.2242 

1.3380 

i.25i6 

1.2652 

1.3787 

1 . 2920 

i.3o53 

i.3i85 

39 

3o,;i 

.aio6 

1.2244 

I. 338a 

i.25i8 

1.2654 

1.3789 

1.2922 

i.3o55 

1.3187 

3o 
3i 

3i|i  I 

.aio8 

1.2247 

1.2384 

I. 2521 

1.2656 

1.3791 

1.2925 

i.3o57 

1.3189 

3a  \  I 

•  am 

1.2249 

1.2386 

1.2523 

1.2659 

1.3793 

p.  2927 

1.3060 

I. 3191 

33 

33     I 

.aii3 

I.225l 

1.2389 

1.2525 

1.2661 

1-2795 

1.2929 

i.3o6a 

1.3193' 

33 

34'  I 

.aii5 

1.2254 

1.2391 

1.2528 

1.2663 

1.3798 

1.2931 

i.3o64 

1.3196    34 

35  1  I 

.3117 

1.2256 

1.2393 

I.2530 

1.2665 

i.a8oo 

1.2934 

1.3066 

1.3198  1  35 

36  I,  I 

•  aiao 

1.2258 

1.2396 

1.2532 

1.2668 

I . a8oa 

I . 2936 

1.3068 

i.3aoo|  36 

37     J 

•  aiaa 

1.2260 

1.2398 

1.2534 

1 . 2670 

1.3804 

1.2938 

1.3071 

I -3202  II  37 

38     I 

.aia4 

1.2263 

I . 2400 

1.2537 

1.2672 

1.3807 

1 . 2940 

1.3073 

1.3204 

38 

39  1!  I 

•2127 

1.2265 

I . 2402 

1.2539 

1.2674 

1.3809 

I . 2942 

1.3075 

I .3207 

39 

4o    I 

•  aia9 

1.3267 

i.24o5 

I.2b4l 

1.2677 

I.a8ii 

1.2945 

1.3077 

1.3209 

40 
4i 

4i     > 

.2l3l 

I .2270 

I . 2407 

1.2543 

1.2679 

i.a8i3 

1.2947 

1.3079 

1.32II 

42;  I 

.2134 

I  2272 

1.2409 

I . 2546 

1.2681 

i.a8i6 

1.2949 

1.3082 

1.3213 

42 

43|  1 

.ai36 

1.2274 

1.2412 

1.2548 

1.2683 

i.a8i8 

1.2951 

i.3o84 

1.3215 

43 

44    I 

.ai38 

1.2277 

1.2414 

1.2550 

1.2686 

i.38ao 

1.2954 

i.3o86 

1.3218 

44 

45  1  I 

•  ai4i 

1.2279 

1.2416 

1.2552 

1.2688 

i.a8a3 

1.2956 

i.3o88 

1.3220 

45 

46'  I 

.ai43 

1.22bl 

1.2418 

1.2555 

1.2690 

i.38a5 

1.2958 

1.3090 

1.3223 

46 

47  11  ' 

•  ai45 

1.2283 

i.24ai 

1.2557 

1.2692 

1.3837 

1.2960 

1.3093 

1.3224 

47 

48!' I 

.ai48 

1.2286 

1.2423 

1.2559 

1.2695 

1.2839 

I . 2962 

1.3095 

1.3226 

48 

^9\i  ' 

.  a  1 5o 

1.2288 

1.2425 

1.2562 

1.2697 

1.3831 

1.2965 

1.3097 

1.3238 

49 

5b  li 

.2i5a 

1.2290 

1.2428 

1.2564 

1.2699 

1.2833 

1.2967 

1.3099 

1.3331 

5o 
5i 

5i  1  1 

.ai54 

1.2293 

1.2430 

1.2566 

1.2701 

1.3836 

1.2969 

i.3ioi 

i.3a33 

5a  1  I 

.ai57 

1.2295 

1.2432 

1.2568 
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6856 
8145 

8402 

7243 
853 1 

tH 

750I 

6788 

129 

128 

m 

93o2 
o584 

943o 
0712 

a 

1096 

9943 

1223 

♦072 

i35i 

N. 

0 

1 

2 

8 

4 

5 

6 

1 

8 

9 

D. 
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LOGARITHMS  OF  NUMBERS.         Table  L  | 

N. 

0 

1 

2 

8    4 

6 

6 

7 

8 

9 

D. 

340 

331479 
2754 

1607 

1734 

1862   IQQO 

21 17  2245 

2372 

•25oo 

2627 

128 

341 

2882 

3009 

3i36 

3264 

IU\ 

35i8 

3645 

3772 

l^ 

127 

342 

4026 

41 53 

4280 

4407 

4534 

£S 

4914 

5o4i 

\U 

343 

5204 
6558 

5421 

5547 

5614 

58oo 

5927 

6180 

63o6 

6432 

344 

6685 

681 1 

6937 

7063 

7189 

73i5 

7441 

7567 

7693 

126 

345 

7810 
#9076 

7945 

8071 

8107 
9452 

8322 

8448 

8574 

8609 
9954 

8825 

8951 

126 

346 

9202 

9327 

2l]^ 

9703 

9829 

:m 

0204 

125 

347 
34d 

H  0329 

0455 

o58o 

0705 

0955 

1080 

I205 

1454 

125 

lUt 

1704 

1829 

1953 

2078 

2203 

2327 

2452 

2576 

2701 

125 

349 

2950 

3074 

3199 

3323 

3447 

3571 

3696 

3820 

3944 

124 

35o 

4068 

i\V, 

43i6 

4440 

4564 

4688 

4812 

4936 

5o6o 

5i83 

124 

35i 

53o7 
6543 

7775 

5555 

5678 

58o2 

5925 

6049 

6^2 

6296 

6419 

124 

352 
353 

6666 

7898 

6789 
8021 

6913 
8144 

7o36 
8267 

9616 

7282 
85i2 

74o5 
6635 

l^U 

7652 
8881 

123 

123 

354 

»90o3 

9126 

9249 

9371 

9494 

9739 

9861 

9984 

♦  106 

123 

355 

550228 

o35i 

0473 

0595 

%\l 

0840 

0962 

1084 

1206 

i328 

122 

356 

i45o 

1572 

1694 

1816 

2060 

2181 

23o3 

2425 

2547 

122 

lU 

2668 

2790 

291 1 

3o33 

3i55 

4469 

3398 

3519 

3640 

3762 

121 

3883. 

4004 

4126 

4247 

4368 

4610 

473T 

4852 

till 

121 

359 

5094 

52i5 

5336 

5457 

5578 

5699 

5820 

5940 

6061 

121 

36o 
36i 

63o3 
7507 
8709 

6423 

nil 

♦026 

6544 

6664 

7868 

6785 
7988 

6905 
8108 

7026 
8228 

7146 
6349 
9548 

7267 
8469 

&tl 

120 
120 

362 

9068 

9,88 

9308 

9428 

9667 

9787 

120 

363 

♦9907 

0146 

0265 

o385 

o5o4 

0624 

0743 

o863 

0982 

119 

364 

56iioi 

1221 

1 340 

1459 

1578 

1698 

1817 

1936 

2o55 

2174 

119 

365 

2293 

3481 

2412 

253 1 

265o 

?5t? 

2887 

3oo6 

3i25 

3244 

3362 

119 

366 

36oo 

3718 

3837 

4074 
52*7 

4192 

43ii 

4429 

4548 

\\t 

^ 

4666 

4784 

4903 

502I 

5139 

5376 
6555 

5494 

56i2 

5730 

5848 

5966 

6084 

6202 

6320 

6437 

6673 

6701 

79^7 

6909 

118 

369 

7026 

7144 

7262 

7379 

7497 

7614 

7732 

7849 

8684 

118 

370 

8202 

83 19 

8436 

8554 

8671 

8788 

8905 

9023 

9140 

925j 
0426 
i5o2 

117 

371 

^tlli 

'X 

9608 

0776 

'4 

9842 
1010 

9950 
1 126 

♦076 
1243 

0193 
i35o 

1476 

117 

373 

11?.. 

1825 

1942 

2o58 

2174 
3336 

2291 
3452 

2407 
356d 

2523 

2755 

374 

2988 

3io4 

3220 

3684 

38o2 

3915 

116 

375 

4o3i 

4r47 
63o3 

4263 

^11 

^5^?o* 

4610 

4726 
588o 

4841 

4957 

5072 

116 

376 

5i88 

5419 

5765 

5996 

6ni 

6226 

ii5 

379 

6341 

6457 
^11 

6572 
^^68 

6687 

7836 
6983 

680a 

795i 
9097 

9212 

7o32 
8181 
9326 

V4i 

9441 

7262 
8410 
9555 

nil 

9669 

ii5 
ii5 
114 

38o 
38i 

•  9784 
686925 

9808 
1039 

♦012 
ii53 

0126 
1267 

0241 
i38i 

0355 
26?i 

0460 
1608 

o583 

1722 
2658 

1^1 

081 1 
1950 

114 
114 

382 

2063 

2177 

2291 

2404 

25i8 

2745 
3879 

2972 

3o85 

ii4 

383 

ll?. 

33i2 

3426 

3539 

3652 

3765 
4696 

3992 

4io5 

4218 

ii3 

384 

4444 

4557 

4670 

4783 

5oi5 

5l32 

5235 

5348 

113 

385 

5461 

5574 

5686 

8047 

5912 

6024 

6137 

625o 

6362 

6475 

ii3 

386 
387 
388 

6587 

mi 

6700 

ill 

6812 

Ifd 

7149 

8272 

7262 
8384 

IIU 

7486 
6608 

6720 
9838 

112 
112 

9o56 

9167 

'J^ 

9391 

95o3 

9615 

9726 
0642 

iia 

389 

•9950 

♦061 

0173 

0284 

o5o7 

0619 

0730 

0953 

iia 

390 

591065 

22^8 

1287 

1399 

i5io 

1621 

Ihl 

1843 

1955 

2066 

III 

391 

IIU 

l^ 

25l0 

2621 

2732 
3^40 

2954 

3o64 

3,75 
4282 

III 

?9? 

'^] 

36i8 

lilt 

3950 

4061 

4i7« 

III 

393 

4393 

4614 

5^27 

4945 

5655 

5i65 

5276 

5386 

no 

394 

6496 

56o6 

5717 

5937 

6047 

6157 

6267 

6377 

6487 

no 

f 

9992 

6817 
79»4 

6927 
8024 

3?^1 

7146 
6243 

II53 

7366 
6462 

lit 

^681 

no 
no 

§ 

9009 
♦101 

91 19 
0210 

9228 
o3io 
1408 

9337 
0428 

9446 
6537 
1625 

9556 
6646 

9665 
0755 
1843 

m 

109 
109 

399 

600973 

1082 

1191 

1299 

i5i7 

1734 

1951 

109 
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2 
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D. 

Table  L         LOGARITHMS  OF  NUMBERS.             7  | 

N. 

0 

1 

2 

8 

4 

« 

6 

7 

8  1 

9 

D. 

400 

602060 

2169 
3253 

2277 

2386 

2494 

2603 

2711 

2819 

2928 

3o36 

108 

401 

3i44 

336i 

3469 

^U 

3686 

3^94 
^5^ 

3902 

4010 

4iib 

108 

402 

4226 

4334 

4442 

455o 

4766 
5644 

4982 

6^6? 

5197 

108 

4o3 

53o5 

54i3 

5521 

5628 

5736 
681 1 

6059 

6274 

108 

404 

638i 

6489 

6596 

6704 

6919 

7026 

7133 

7241 

7348 

1Q7 

4o5 
406 

2455 
8526 

7562 
6633 

T° 

IIV, 

7884 
8954 

7901 
9061 

8008 
9167 

82o5 
9274 

83i2 
9381 

8410 
9488 

107 
107 

U 

bllf^ 

9701 

9914 

♦021 

0128 

0234 

o34i 

0447 

o554 

;s 

0167 
1829 

0873 
1936 

0979 

1086 

1192 
2254 

I't 

i4o5 

i5ii 

1617 
2678 

409 

1723 

2042 

2148 

2466 

2572 

106 

410 

2784 
3642 

289a 

1^3 

3l02 

3207 

33 13 

3419 
4475 

3525 

363o 

3736 

106 

411 

^^ 

il^ 

4264 

4370 

458i 

4686 

U% 

106 

41  a 

^5^ 

5io8 

5319 

5424 

5529 

5634 

5740 

io5 

4i3 

6o55 

6160 

6265 

6370 

6476 

658i 

6686 

^790 

6895 

io5 

414 

7000 

7io5 

7210 

73i5 

7420 

7525 

7629 

7734 

7339 

7943 

io5 

41 5 

8048 

81 53 

8257 

8362 

8466 

8571 

8676 

8780 
9624 

8884 

8989 

io5 

416 

62???6 

9198 

9302 

9406 

951 1 

9615 

9719 

9928 

♦032 

104 

^^1 
4ii 

0240 

o344 

0448 

o552 

o656 

0760 

0864 

0968 

1072 

104 

1176 

1280 

i384 

1488 

1592 

i6o5 

im 

190a 

2007 

2II0 

104 

419 

2214 

23i8 

2421 

2525 

2628 

2732 

2939 

3o42 

3 146 

104 

420 

3249 

3353 

3456 

3559 

3663 

3766 

3869 

3973 

4076 

4179 

io3 

421 

4282 

4385 

4488 

4591 

4695 

iifj 

6853 

4901 

5oo4 

5107 
6i35 

5210 

io3 

422 

53i2 

54i5 

55i8 

5621 

5724 

5929 

6o32 

6238 

io3 

423 

6340 

6443 

6546 

6648 

6751 

6956 

7o58 
8082 

7161 
81 85 

7263 
8287 

io3 

424 

7366 

7468 

7571 

7673 

7775 

7878 

7980 

102 

425^ 

8389 

8491 

??^ 

8695 

8900 

9002 

9104 

9206 

9308 

102 

426 

*94io 

95i2 

9613 

97i5 

n^ 

♦021 

0123 

02  24 

o326 

102 

427 
428 

63  0428 

o53o 

o63i 

6733 

io38 

2I5? 

I24I 

1 342 

102 

1444 

i545 

1647 

1748 

1849 

1951 

ao52 

2255 

2356 

lOI 

429 

2457 

2559 

2660 

2761 

2862 

2^ 

3o64 

3i65 

3266 

3367 

lOI 

43o 
43 1 

3468 
•  5484 

3569 
4578 
5564 

3670 

til 

3771 

3872 
48do 

'^l 

^Sf 

4n5 
5182 

4276 

5283 

4376 
5383 

100 
100 

432 

5886 

5986 

6087 

6187 

6287 

6388 

100 

433 

6488 

6588 

6688 

6789 

6889 

6989 

7089 
8090 

c 

IZ 

1^, 

100 

434 

7490 

7590 

7690 

7790 

7890 

7990 

99 

435 
436 

8489 
#9486 

958? 

8689 
9686 

^?i? 

8888 
9885 

8988 
9984 

9088 
♦084 

9188 

oi83 

tin 

ntl 

99 
99 

ill 
439 

64  0481 

2465 

o58i 
1573 
2563 

0680 
1672 
2662 

0779 
2761 

0879 
187 1 
2860 

0978 

1970 
2969 

s 

3i56 

1216 

2267 
3255 

1375 
2366 
3354 

99 
99 
99 

440 

3453 

3551 

365o 

3749 

3847 

3946 

4044 

4143 

4242 

4340 

98 

441 

4439 

4537 

4636 

4734 

4832 

4931 

5029 

5127 

5226 

5324 

98 

442 

5422 

5521 

56i9 

Ull 
7676 

58i5 

5oi3 

601 1 

6110 

6208 

63o6 

98 

443 
444 

6404 
7383 

65o2 
7481 

6600 
7579 

6796 

7774 

6294 
7872 

6902 
7969 

^ 

l\ll 

7285 
^262 

98 
98 

445 

836o 

8458 

8555 

8653 

O750 

8848 

8945 

9043 

9140 

9237 

97 

446 

.^^335 

9432 

9530 

9627 

1666 

9821 

9919 

♦016 

01 13 

0210 

97 

^l 

65  o3o8 
1278 

o4o5 
1375 

o5o2 

1472 

253? 

0793 

1762 

'$1 

1084 
2o53 

1181 
2i5o 

97 

97 

449 

2246 

2343 

2440 

2633 

2730 

2820 

2923 

3019 

3ii6 

97 

45o 

32i3 

3309 
4273 
52i5 

34o5 

35o2 

3598 
4562 

3695 
4658 

3791 
4754 

3888 

3984 

4080 

96 

45i 

i\ll 

4369 

4465 

485o 

4946 

5o42 

96 

452 

533i 

638^ 
7343 

5523 

5619 

5715 
6673 
7629 

58io 

6§64 
7820 

6002 

96 

453 
454 

6098 
7o56 

6104 
71D2 

6290 
7247 

6482 
7438 

%l 

6760 

7725 

6960 
7916 

96 

455 

801 1 

8107 

8202 

8298 
9260 

8393 

8488 

8584 

^? 

8774 

8870 

95 

456 

8965 

9060 

9155 

9346 

9441 

9536 

V^t 

9821 

95 

^l 

6^Zt 

♦on 

0106 

0201 

0296 

2286 

0486 

o58i 

9771 

95 

0960 

io55 

ii5o 

1245 

1434 

l520 

2475 

1623 

iniS 
2663 

h 

459 

i8i3 

1907 

2002 

2096 

2191 

238o 

2569 

95 
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N. 

0 

1 

2 

8 

4 

6 

6 

7 

8 

9 

D. 

460 

662758 

285? 

llU 

3o4i 

3i35 

323o 

3324 

3418 

35i2 

3607 
4548 

94 

461 

3701 
4642 

i 

3983 

4078 

4172 

4266 

4360 

4454 

94 

462 

483o 

4924 
5862 

5oi8 

5lI2 

5206 

llfj 

7173 

63?i 

5487 

94 

4o3 

558 1 

5760 
6705 

5q56 
6892 

6o5o 

6143 

6424 

94 

464 

65i8 

6612 

6799 

6986 

7079 

7266 

736o 

94 

465 

466 

7453 
8386 

7546 
8479 

7640 
8572 

l&l 

7826 

C 

8oi3 
8945 
9675 

8106 
9o38 

8109 
9i3i 

8293 
9224 

93 

467 
463 

•  9317 
67  0246 

9410 

95o3 

9596 

9782 

X^ 

♦060 

oi53 

93 

0339 
1265 

043 1 

o534 

0617 

1543 

0710 
i636 

0802 

0988 

1080 

93 

469 

1173 

i358 

I45i 

1728 

I82I 

1913 

2005 

93 

470 

2098 

2190 

2283 

2375 

2467 

256o 

2652 

3666 

2836 

It^ 

92 

471 

302I 

3ii3 

32o5 

3297 
4218 

3390 

3482 

3574 

55^4 

93 

472 

3o42 
4861 

4o34 

4126 

43io 

4402 

4494 

4586 

Ssl 

92 

473 

4953 
5670 

5o45 

5i37 
6o5i 

5228 

5320 

5412 

55o3 

92 

474 

5778 

5962 

6145 

6236 

6328 

6419 

65ii 

6602 

9a 

475 

476 

6694 

«9428 
68o336 

6785 
6609 

0426 

6876 

7789 
8jo6 
9010 
o5i7 

6791 
9J00 
0607 

7059 

mi 

7i5i 
8o63 

7242 
6i54 

7333 
8245 

7424 
8336 

7516 
8427 

9' 
91 

478 
479 

0789 

9064 

9155 
;o63 
0970 

9246 
01 54 
1060 

9337 

024d 
ii5i 

91 
91 
91 

480 

1 241 

i332 

1427 

i5i3 

i6o3 

1693 

1784 
2686 

1874 

iq64 
2867 

2055 

90 

481 

2145 

2235 

2326 

2416 

25o6 

3S96 

Ittl 

4756 
5652 

90 

482 

3o47 

3i37 

3227 

3317 

3407 

'JV> 

3587 
4486 

'M 

90 

483 

XI 

4o37 
4935 

4127 
5025 

4217 

4307 

90 

484 

5ii4 

5204 

5294 

5383 

5473 

5563 

90 

485 

5742 

6636 

2529 

6420 

.  «93o9 

583 1 

6^i5 

6010 

6100 

6180 
7o83 

ml 
9753 

6279 

6368 

6458 

6547 

89 

486 
487 
488 
489 

6726 
7618 
8509 
9396 

6904 

9574 

8953 
9941 

7261 
8i53 
9042 
9930 

7351 
8242 
9i3i 
♦019 

7440 
833i 
9220 
0107 

89 

490 
491 

69  0196 
1081 

0285 
1 170 
2o53 

0373 
1258 

0462 
1 347 

o55o 
1435 

0639 

1 524 

0728 
1612 

0816 
1700 
2*83 

0905 

1789 
2671 

u 

492 

2^47 

2142 

223o 

23i8 

2406 

2494 

88 

493 

2935 
38i5 

3o23 

3iii 

3190 
4078 

3287 
4166 

3375 
4254 

3463 

3561 

88 

494 

3727 

3903 

3991 

4342 

443o 

45i7 

88 

495 

46o5 

46o3 
5569 

4781 

4868 

4o56 
5832 

5044 

5i3i 

5219 

5307 

5394 
6269 

88 

496 

54H2 

5657 

6^18 

mi 

8535 

6007 

^709 

6182 

87 

497 
498 
499 

6356 
2229 
8101 

6444 

653 1 

6706 
2*78 
6449 

6880 

7055 

4>i4 
8883 

87 

5oo 

.%l 

9057 

9144 

923 1 

9317 

9404 

l^ls 

9578 

9664 

9751 
0617 

S7 

5oi 

9924 

♦on 

0098 

0184 

0271 
ii36 

0444 

o53i 

U 

502 

^°???^ 

0790 

0877 

ooo3 

io5o 

1222 

x3o9 

1395 
2358 

1482 

5o3 

i6d4 

1741 
2603 

1827 

1913 

im 

2086 

2172 
3oi3 

2344 

86 

5o4 

243i 

25i7 

2689 

2775 

2947 

3119 

32o5 

86 

5o5 
5o6 

5o8 

3291 
4101 
5oo8 

5094 

3463 

4322 

3540 
4408 
5265 

3635 

3721 

3807 
4665 

5522 

38o5 
4751 
5607 

i 

4o65 
4922 

86 
86 
86 

5864 

'Xt 

6120 

6206 

6291 

6376 

6462 

6547 

85 

509 

6718 

6888 

6974 

7059 

7144 

7229 

73i5 

7400 

7485 

85 

5io 
5ii 

7570 
8421 

7655 
85o6 

Ki 

7826 
8676 

it^ 

8081 
8931 

8166 
ooi5 

825i 
9100 

8336 
9185 

85 
85 

5l2 

♦  9270 

9355 

9440 

9524 

9694 

mi 

9863 

9948 

♦o33 

85 

5i3 

'■^ 

0202 

0287 

0371 

o54o 

0710 
1654 

v^t 

s? 

85 

5i4 

1048 

Il32 

1217 

i3oi 

i385 

1470 

84 

5i5 

1807 

3?75 

lilt 

2060 

2144 

3229 

23i3 

l^l 

2481 

2566 

84 

5i6 

265o 

2902 

2986 
3826 

3070 

3i54 

3323 

'JSl 
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6461 

6?23 
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6585 
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0891 
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1442 

i5o3 
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1809 

61 
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2o53 
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3394 
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2419 

61 
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2541 
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3941 
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43o6 
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4488 
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5i56 
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6548 
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61 
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6i85 
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719 
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1654 
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2608 
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60 

729 

2728 
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3306 
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4482 
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llSi 
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9328 

8835 
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9218 

55 
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♦039 
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0586 
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V4l 
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0859 
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ii3i 
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5a 
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52 
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9i3o 
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9340 
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52 
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9914 
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♦019 
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52 
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0176 
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0280 
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0436 

0489 
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52 
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0906 
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52 
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i53o 
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3969 
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5a 
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5a 
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i^ 
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5a 
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5467 
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6o85 
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6137 
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5i 
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9 

Table  L 

_.o..™„,.™                  ■    .1 

N. 

0 

1 

2 

3 

■4 
4680 

5 

6 

7 
4828 

8 

9 

D. 

880 

94  4483 

4532 

458i 

463 1 

4729 

4779 

4877 

4927 

49 

881 

it 

5o25 

5074 
5567 

5i24 

5173 
5665 

5222 

5272 
5764 

5321 

5370 
5862 

5419 

49 

882 

55i8 

56i6 

5715 

58i3 

5912 

49 

883 

596T 

6010 

6059 

6108 

6157 

6207 
6696 

6256 

63o5 

6354 

6403 

49 

884 

6432 

65oi 

655i 

6600 

6649 

6747 

6796 

6845 

6894 

49 

885 

6943 

7973 

7041 

7000 

7140 

7189 

7238 

7287 

7336 

7385 

49 

886 
88^ 

7434 

7532 
8022 

6070 

7630 
8119 

m 

7728 
8217 
8706 

IIU 

7826 
83i5 

l^l\ 

49 
49 

8462 

85ii 

8560 

86o5 

8657 
9146 

•8755 

8804 

8853 

49 

889 

8902 

8951 

8999 

9048 

9097 

9195 

9244 

9292 

9341 

49 

890 

9390 

943o 
9926 

9488 

9536 

9585 

9634 

9683 

973 1 

9780 

03?? 

49 

891 

♦9878 

9975 
0462 

♦024 

0073 
o56o 

0121 

0170 
0657 
114^ 
1629 

0210 
0706 

0267 

49 

892 

95o365 

0414 

o5ii 

0608 

0754 

o8o3 

49 

893 
894 

o85i 
i338 

1^ 

^3? 

1^1 

1046 
1 532 

\t 

1 192 
1677 

1240 
1726 

1280 

1775 

49 
49 

895 

1823 

1872 
2356 

1920 

l^ 

2017 

2066 

2114 

2i63 

2211 

2260 

48 

896 

23o8 

2405 

2502 

255o 

3o^ 

2647 

2696 
3i8o 

2744 

48 

^l 

2792 

2841 

2889 
3373 
3856 

2938 

2986 

3o34 

3i3i 

3228 

48 

3276 
3760 

3325 

3421 

3470 

39^3 

35i8 

3566 

36i5 

3663 

3711 

48 

8^9 

38o8 

3905 

4001 

4049 

4098 

4146 

4194 

48 

900 

4243 

4291 

4339 

4387 

4435 

4484 

4532 

458o 

4628 

til 

48 

901 

47^5 

4773 

4821 

4869 

4918 

4966 

5oi4 

5o62 

5iio 

48 

902 

5207 
5688 

5235 

53o3 

535i 

5447 
5928 

5495 

5543 

5592 

5640 

48 

903 

5736 

5784 

5832 

ni^ 

6024 

6072 
6553 

6120 

48 

904 

6168 

6216 

6265 

63i3 

636i 

6409 

65o5 

6601 

48 

905 

6649 
7128 

6697 

7176 
7655 

8i34 

6745 

.6793 

6840 

6888 

^36 

6984 

703^ 

7080 

48 

906 

7224 

7272 

7320 

7368 

7416 

7464 

75i2 

85i6 

48 

908 

losl 

8181 

775i 
8229 

7799 

m 

BH5o 

7942 
8421 

m 

48 
48 

909 

8564 

8612 

8659 

8707 

88o3 

8898 

8946 

8994 

48 

910 

9041 

♦042 

9137 

9185 

9232 

9280 

9328 

fsll 

o328 

9423 

9471 

48 

911 
912 

9518 
»9995 

9614 
0090 
o566 

9661 
oi38 

t]^ 

97^7 
0233 

9804 
0280 

o85i 

9947 
0423 

48 
48 

913 

960471 

o5i8 

o6i3 

0661 

0709 

0755 

0804 

0899 

48 

914 

0946 

0994 

1 041 

1089 

ii36 

1 184 

I23l 

1279 

i326 

1374 

47 

9i5 

1421 

1469 
1943 

i5i6 

1 563 

1611 

i658 

1706 

1753 

1801 

1848 

47 

916 

1895 

1900 
2464 

2o38 

2o85 

2l32 

2180 

2227 

2275 

2322 

47 

VJ 

2369 
2843 

2417 

25ll 

2559 

2606 

2653 

2701 

2748 

ml 

47 

2890 
3363 

2937 

2985 

3o32 

Itil 

3126 

3174 

3221 

47 

919 

33i6 

3410 

3457 

35o4 

3599 

3646 

3693 

3741 

47 

920 

3788 

3835 

3882 

3929 

3977 
4448 

4024 

4071 

4118 

4i65 

4212 

47 

921 

4260 

4307 
4776 

4354 

4401 

4495 
4966 

4542 

5o?i 

4637 
5io8 

4684 

47 

922 

4731 

4825 

4872 

586o 

5oi3 

5i55 

47 

923 

5202 

5249 

5296 
5766 

5343 

5437 

5484 

553i 

5578- 

5625 

47 

924 

5672 

5719 

58i3 

5907 

5954 

6001 

6048 

6095 

47 

925 

6142 

6189 
6658 

6236 

6283 

6329 

6376 

6423 

6470 

65i7 
6986 

6564 

47 

926 

661I 

6705 

6752 

6799 

6845 

6892 
7361 

rl 

7033 

47 

928 
929 

7080 

7»27 

7173 

'^'JS 

73i4 

7454 

7501 

47 

7548 
6016 

7642 
8109 

7688 
8i56 

7782 
8249 

ll'^ 

hh 

F^ 

Ifzl 

47 
47 

93o 

8483 

853o 

8576 

8623 

8670 

9i36 
9602 

8716 

8763 

8810 

8856 

983? 

47 

93r 

932 

8950 
9416 

^ 

9043 
9500 
9975 

^ 

9183 
9649 

0161 

9276 
9742 

9323 
9789 

47 
47 

933 

»9882 

^$ 

♦021 

0068 

0114 

0207 

0254 

o3oo 

il 

934 

97  0347 

0440 

0486 

o533 

0579 

0626 

0672 

0719 

0765 

935 

936 

0812 
1276 

o858 

l322 

0904 
1 369 

0951 
I4i5 

0997 
1 461 

1044 
i5o8 

i5?4 

1 137 
1601 

ii83 
1647 

1229 
i6q3 

46 
46 

'^ 

1740 

1786 

i832 

1879 

1925 
2388 

1971 
2434 

2018 

2064 

2110 

2ID7 

46 

2203 

2249 

l^t 

2342 

2481 

2527 

2573 
3o35 

2619 

46 

939 

2666 

2712 

2804 

285i 

2897 

2943 

2989 

3082 

46 

N. 

0 

1 

2 

8 

4 

0 

6 

7 

8 

9 

D. 
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0 

1 

2 

8 

4 

6 

6 

7 

8 

9 

D. 

940 

973128 

3636 

3220 

3266 

33i3 

3359 

3405 

345i 

'^ 

3543 

46 

941 

35oo 
4o5i 

3682 

3728 

llli 

3820 

3866 

3913 
4374 
4834 

4oo5  46  1 

942 

ni 

4143 

4189 

4281 

478? 

4420 

4466  46  1 

943 

45ia 

4604 

465o 

4606 
5i56 

4742 

4880 

4926 

46 

944 

497a 

5oi8 

5o64 

5iio 

5202 

5248 

5a94 

5340 

5386 

46 

945 

5432 

5478 

68^ 

7312 

5524 

5570 

56i6 

5662 

5707 

5753 

6717 

5845 

46 

946 

947 

5891 
635o 

5983 
6442 

6029 
6488 

6075 
6533 

6121 
6579 

70^7 
7495 

6167 
6625 

6ai2 
6671 

63o4 
6763 

46 
46 

948 
949 

6808 
7266 

6900 
7358 

6946 
74o3 

6992 
7449 

7083 
7541 

]'^ 

7220 
7678 

46 
46 

950 
95i 

8181 

11^ 

28i5 
8272 

7861 
83i7 

l^ 

9321 

6454 

8043 
8500 

8089 

8546 

8i35 
8591 

46 
46 

952 
953 

8631 
9093 

8683 
9138 

8728 
9184 

8774 
923o 

8810 
9275 
9730 

8911 
9366 

8956 

9002 
9457 

^^ 

46 
46 

954 

9548 

9594 

9639 

9685 

9776 

9821 

9867 

9912 

9958 

46 

955 

980003 

0049 
o5o3 

0094 

0140 

oi85 

023 1 

0276 
0730 

o32a 

0367 

0412 

45 

956 

0458 

?^S 

0594 

0640 

0685 

0776 

0821 

0867 

45 

957 

0912 
1 366 

0967 

1048 

1093 

1139 

1184 

V^ 

1275 

l320 

45 

958 

1411 

1456 

i5oi 

i547 

1592 

1637 

1728 

1773 

45 

959 

1819 

1864 

1909 

1954 

2000 

2045 

2090 

2i35 

2181 

2226 

45 

960 

2271 

23i6 

2362 

2407 

2452 

2497 

2543 

2588 

2633 

1??^ 

45 

961 

2723 

2769 

2814 

2859 

2904 
3356 

2949 

2994 

3o4o 

3o85 

45 

962 

3175 

3220 

3265 

3310 

3401 

3446 

3491 

3536 

358i 

45 

963 

3626 

3671 

3716 

3762 

3807 

3852 

3897 

XI 

3987 

4o32 

45 

964 

4077 

4122 

4167 

4212 

4257 

4302 

4347 

4437 

4482 

45 

965 

4527 

4572 

4617 

4662 

4707 

475a 

4797 

4842 

4887 

4o32 
5382 
583o 

45 

nu 

5022 
5471 

5067 
55ii 

5ll2 

556i 

56oZ 

5202 

565i 

'^ 

5292 

5741 

5337 

5786 

45 

45 

5875 

5920 

6369 

5965 

6010 

6o55 

6100 

6144 

6189 

6234 

6279 

45 

969 

6324 

64i3 

6458 

65o3 

6548 

6593 

6637 

6682 

6727 

45 

970 

6772 

6817 

6861 

6006 

6951 
7398 
1845 
8291 
8737 

6996 

7°^2 

7085 

7i3o 

7175 

45 

971 

972 
973 

8ii3  ^ 

7264 

8157 

820a 

7353 

7800 
6247 
8693 

7443 

7488 
It 

7532 
lilt 

til 

8470 

7622 
8068 
85i4 

45 

974 

8659 

8604 

8648 

8782 

8826 

8871 

8916 

8960 

45 

975 

9005 

9049 

B 

9l2? 

9183 

9227 

9272 

9316 

9361 

94o5 

45 

976 

945o 

S 

9583 

9628 

9672 

9717 

9761 

9806 

9850 

44 

Vil 

•  9805 

99o33o 

0783 

♦028 

0072 

0117 

0161 

0206 

02  5o 

0294 
0738 

44 

0428 

0472 

o5i6 

o56i 

o6o5 

o65o 

0694 

44 

979 

0827 

0871 

0916 

•0960 

1004 

1049 

1093 

ii37 

1182 

44 

980 

1226 

1270 

i3i5 

1359 

i4o3 

1448 

i 

1 536 

i58o 

1625 

44 

981 

1669 

1713 

1758 

1802 

1846 

1890 
2333 

1979 

2023 

2067 

44 

982 

2111 

2i56 

2200 

2244 

2288 

2421 

2465 

25o9 

44 

983 

2554 

2598 
3o39 

2642 

2686 

2730 

2774 

2819 

2863 

n 

2951 
3392 

44 

984 

2995 

3o83 

3127 

3172 

3216 

3260 

33o4 

44 

985 

3436 

3480 

3524 

3568 

36i3 

3657 

3701 

3745 

3789 

3833 

44 

986 

3877 

3921 
4J6i 

3965 

4009 

4o53 

'^] 

4141 

4i85 

4229 

4273 

44 

^l 

4317 

44o5 

4449 

44o3 
4q33 
5372 

458i 

4625 

5io§ 

4713 

44 

4757 

4801 

4845 

4880 
5328 

m 

502I 

5o65 

5i52 

44 

989 

6196 

5240 

5a84 

5460 

5504 

5547 

5591 

44 

990 
991 

5635 
6074 

5679 
6117 
6555 

5723 
6161 

6205 

58ii 
6249 

5854 
6293 
6731 

5898 

6337 

5942 
638o 

5986 
6424 

6o3o 
6468 

t 

992 

65ia 

6599 
7037 

6643 

6687 

6774 

6818 

6862 

6906 

44 

993 

6940 

6993 
7430 

7080 

7124 

7168 

721a 

7255 

'r^ 

7343 

44 

994 

7386 

7474 

7517 

7561 

7605 

7648 

7692 

7779 

44 

^ 

7823 
8259 
86o5 
9i3i 

^^ 

2?i? 

2?^^ 

l^l 

8041 

8o85 
8521 

8129 
8564 

8172 
8608 

8216 
8652 

44 

44 

^ 

8739 
9»74 

878i 
9218 

8826 
9261 

8860 
93o5 

8q56 
939a 

QOOO 
9435 

9043 
9479 

99i3 

9087 
9522 

44 
44 

999 

9565 

9609 

9652 

9696 

9739 

.9783 

98a6 

9870 

9957 

43 

N. 

1   0 

1  1 

2 

8 

4 

5 

6 

7 

8 

9 

D. 

TABLE   II. 

LOGARITHMIC   SINES   AND   TANGENTS, 


EVSRT  DEGREE  AND  MINUTE  OF  THE  QUADRANT. 


If  the  logarUhmB  of  the  values  in  Table  HI.  be  each  inoreafled  by  lo,  the  resolta 
will  be  the  values  of  this  table. 

The  logarithmio  Secants  and  Cosecants  are  not  given.  They  may  be  readily  ob- 
tiuned,  as  follows  :~Subtract  the  logarithmio  Cosine  from  20,  and  the  remainder 
will  be  the  logarithmio  Secant ;  subtract  the  logarithmio  Sine  from  30,  and  the 
remainder  will  be  the  logarithmio  Coseoaiil. 
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LOaARITHMIC  SINES, 

TANGENTS,  ETC 

Table  IL 

"o°" 

179<^ 

/ 

Sine. 

D. 

Cosine. 

D. 

Tang. 

D. 

Cotang. 

/ 

o 

Inf.  Neg. 

lO'OOOOOO 

Inf.  Neg. 

Infinite. 

^ 

I 

6.463726 

29348? 

000000 

00 

6.463726 

293483 

13.536274 

2 

764756 

940847 

7.065786 

162696 

000000 

00 

764756 

940847 

7.065786 

162696 

235244 

3 

208231 

000000 

00 

208231 

059153 

U 

4 

i6i5i7 
111D75 
?5254 

000000 

00 

i6i5i7 

12.934214 
837304 
756122 
601 175 
633 i83 

5 

000000 

00 

\]\^ 

55 

6 

241877 

9.999999 

01 

241878 

54 

I 

308824 
3668 I 6 

999999 
999999 

01 
01 

308825 
366817 

^fs 

53 

52 

9 

10 

a 

76263 
68988 

999999 
999998 

01 
01 

i^l° 

76263 
68988 

682039 
53627! 

5i 
5o 

II 

7.5o5ii8 

6298^ 

9.999998 

01 

7.5o5i2o 

62981 

12.494880 
457091 
422328 

47 

12 

i3 

542906 
577668 

5IU1 

999997 
999997 
999996 

01 
01 

S 

lull 

14 

609853 

49938 
46714 
43881 

01 

43882 

390143 

46 

i5 

639816 

999996 

01 

639820 

36oi8o 

45 

i6 

667845 

999995 

01 

667849 

332i5i 

44 

\l 

694173 
718997 
742478 

41372 
39135 

999995 
999994 

01 
01 

694179 
719003 

41373 
39 1 36 

3o582i 

43 
42 

i9 

im 

999993 

01 

742484 

37128 
35i36 

41 

20 

764754 

999993 

01 

764761 

235239 

40 

21 
22 

'■& 

33672 
32175 

9.999992 
999991 

01 
01 

'•« 

33673 
32176 

12.214049 
193845 

!§ 

23 

825451 

3o8o5 

ra 

01 

825460 

3o8o6 

174540 
id6o56 

ll 

24 

843934 
861662 

%U 

.02 

843944 
861674 

^^3^^ 

25 

g? 

02 

138326 

35 

26 

w 

27317 
26323 

02 

878708 

27318 

26325 

121292 

34 

^? 

999986 

02 

895099 

I 0490 I 

33 

910879 

ll^ 

02 

910804 
926134 

25401 

073866 
059142 

32 

29 

926119 

999985 

02 

24540 

3i 

3o 

940842 

23733 

.  999983 

02 

940858 

23735 

3o 

3i 

7.955082 

22980 

9.999982 

02 

7.955100 

22981 

12.044900 

^ 

32 

968870 

22273 

999981 

02 

9822W 

22275 

o3iiii 

33 

982233 

21608 

999980 

02 

21610 

017747 

ll 

34 

995108 

8-007787 

020021 

20081 
20J90 
1 983 1 

999979 

02 

995219 

2oo83 
20J92 
19833 

004781 

35 
36 

999977 
999976 

02 
02 

8.007809 
020044 

11.992101 

^1 

25 
24 

ll 

0319I9 

043501 

io3o2 

18801 

999975 

02 

o3io45 
043527 

i93o5 
i88o3 

23 

999973 

02 

956473 

22 

39 

054781 

18325 

999972 

02 

054809 
o658o6 

18327 

945191 

21 

40 

065776 

17872 

999971 

02 

17874 

934194 

20 

4i 

42 

8.076500 
686965 

1 744 1 

'•» 

02 
02 

8.076531 
066997 

17444 
17034 
16642 

11.923460 
9i3ooo 

\l 

43 

^7j83 

999966 

02 

097217 

Q02783 

\l 

44 

116920 

999964 

o3 

107203 

16268 

mlVj 

45 

I5908 
15566 

999963 

o3 

ii6o63 

15910 
15568 

i5 

46 

1 2647 1 

999961 

o3 

i265io 

864149 

14 

% 

!358io 

15238 

999950 
999958 

o3 

i3585i 

15241 

i3 

144953 

14924 
14622 

o3 

144996 
l53y52 

14927 

855oo4 

12 

49 

153907 

999956 

o3 

14627 
14336 

846048 

11 

5o 

162681 

14333 

999954 

o3 

162727 

837273 

10 

5i 

8.171280 

i4o54 

9.999952 

o3 

8.171328 

14057 

r I. 828672 
820237 

? 

52 

179713 

1S985 

196102 

13786 
13629 

999950 

o3 

\l^l 

13790 

53 

999948 

o3 

13532 

811964 
8o3844 

I 

54 

i328o 

999946 

o3 

196156 

13284 

55 

204070 

i3o4i 

999944 

o3 

204126 

i3o44 

788047 

5 

56 

21 1895 
219581 

12810 

999942 

04 

2iio53 
219641 

12814 

4 

ll 

12587. 

999940 

04 

12590 

77280? 
765379 

3 

227134 

12372 
12164 

999938 

04 

227195 

\iut 

2 

59 

234557 
24i85d 

999936 

04 

234621 

I 

6o 

1 1963 

999934 

04 

241921 

11967 

758079 

0 

/ 

Cosine. 

D. 

Sine. 

D. 

Cotang. 

D. 

Tang. 

/ 

^ 

89o| 

Tai 
1° 

ILK  II. 
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178°  1 

/ 

Sine. 

D. 

Cosine. 

D. 

Tang. 

D. 

Cot*ng. 

/ 

0 

8.341855 

11963 

9.999934 

04 

8.241921 

11967 

'"3 

60 

I 

3 

349033 
356094 

11 768 
u58o 

999933 
999929 

04 
04 

349103 
356x65 

1 1 584 

^ 

3 

363o43 

II 398 

999927 
999925 

04 

263ii5 

11403 

736885 

u 

4 

369881 
3i66i4 
3d3343 

II33I 

04 

369956 

II325 

730044 

5 

iio5o 

999922 

04 

3?33?3 

iio54 

723309 

55 

6 

10883 

999920 

04 

10887 
10726 
10670 

716677 

54 

I 

289773 

10731 
io565 

999918 

04 

38o856 
396293 
302634 

710144 

53 

396207 
302540 

999915 

04 

703708 
697366 

53 

9 

io4i3 

999913 

04 

io4i8 

5i 

10 

308794 

10266 

999910 

04 

3o8884 

10370 

691116 

5o 

II 

13 

i3 
14 

8.314954 
331027 
327016 
332924 

10122 

9.999907 
999905 

04 
04 

o5 

8.3i5o46 

32II22 
327II4 

333035 

10136 
9719 

11.684954 

678878 
672866 
666975 

it 

i5 

338753 
344504 

999897 

o5 

338856 

661144 

45 

i6 

9460 

999894 

o5 

344610 

9465 

655390 

^ 

\l 

35oi8i 
355783 
36i3i5 

9338 
921Q 
9103 
8990 

» 

o5 
o5 

350289 
355895 
361430 

9343 
9324 

6497 J I 
644105 

43 
43 

'9 

W885 

o5 

9108 
§995 

638570 

41 

30 

366777 

999883 

o5 

366895 

633 io5 

40 

31 

8.373171 

8880 

999873 

o5 

8.372292 

8885 

11. 637708 
632378 
617111 

u 

35 

33 
33 

'& 

m^ 

o5 
o5 

377622 
382889 

Zl 

34 
35 

387963 
393 1 01 

8564 
8464 

^1 

o5 
o5 

388092 
393234 

8570 
8470 

611908 
606766 
6oi685 

36 

398179 

8366 

999864 

o5 

398315 

8371 

34 

11 

39 

4o3i99 

8271 

999861 

o5 

403338 

8276 
8182 
8091 

596662 

33 

4081 61 
4i3o68 

tSl 

^99858 
999854 

o5 
o5 

4o83o4 
4i32i3 

591606 
P6787 

33 

3i 

36 

4i79>9 

7996 

999851 

06 

418068 

8002 

581932 

3o 

3i 

8.422717 

]U 

9.999848 

06. 

8.432869 
427618 

X. 

Ii.577f3i 

It 

33 

427462 

999844 

06 

522382 

33 

432156 

7740 

999841 

06 

4323i5 

%1 

ll 

34 

436800 

7657 

999838 

06 

436962 
441660 

35 

441394 

7577 

999834 

06 

7583 

558440 

25 

36 

445941 

7499 

999831 

06 

446110 

75o5 

5538O0 
549387 

34 

ll 

450440 

7422 

999827 

06 

45o6i3 

7438 

23 

454893 

7346 

999824 

06 

455070 

7353 

544930 
54o5i9 

33 

39 

459301 
463665 

7273 

999820 

06 

7279 
7306 

31 

40 

7200 

^9816 

06 

536i5i 

30 

4i 

8.467985 

7129 

9.999813 

06 

8.468172 

473454 

7135 

II. 531838 

:? 

43 

472263 

7060 
6991 

999801 

06 

7066 

527546 
523307 
619108 

43 
44 

476498 
480693 

06 
06 

'  il^l 

60?? 

\i 

45 

484848 

999797 

07 

486000 

6o65 

5i4q5o 
5io83o 
506750 

i5 

46 

488963 
493040 

fjf. 

999794 
999700 
999786 

07 
07 

489170 
493250 

6801 
6738 
6676 

14 
i3 

t'X 

6069 

07 

497293 

503707 

13 

49 

6600 

999782 

07 

5oi2o8 
505267 

66i5 

498703 

11 

56 

5o5o45 

6548 

999778 

07 

6555 

494733 

10 

5i 

53 

8.5o8g74 

516726 
52o55i 

6489 
643 1 

9-999774 
999760 
999765 

07 
07 

8.509300 
613098 
516961 

64o6 
6439 

11.490800 
486903 

t 

53 

6375 

07 

6383 

483o39 

I 

54 

63io 

999761 

07 

530790 
534586 

6336 

479210 
476414 

55 

524343 

6264 

999757 
999753 

07 

6373 

5 

56 

528102 

6311 

07 

538349 

6318 

47i65i 
467930 

4 

U 

531828 

6i58 

999748 

07 

533080 

6i65 

3 

535523 

6ro6 

999744 

07 

535779 

6ii3 

464331 

2 

59 

539186 

6o55 

999740 

07 

539447 
543084 

6063 

46o553 

I 

6o 

542819 

6004 

999735 

07 

601 3 

456916 

0 

/ 

Cosine. 

D. 

Sine. 

D. 

Coung. 

D. 

Tang. 

/ 

9V 

> 

880  1 

20 
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TAniUl 

To' 

177^  1 

/ 

BIna. 

D. 

Oorine. 

D. 

T«if. 

D. 

Colmaff. 

/ 

o 
I 

8.54  19 

r.,y.| 

9.999735 
999731. 

07 
07 

8.543084 
546601 
55oa68 
553817 
557336 

601a 
596a 

11.456916 
453309 

IT 

2 

3 

54..  ^5 
55:09 

999726 
999722 

S 

5?66 

44^]83 

4 

55  ./>i 

58ii 

999717 
999713 

08 

5819 

5773 

442664 

5 

56,^.j 

5765 

08 

560828 

432273 
428863 

55 

6 

56!.,, 

56io 

999708 

08 

564291 

5727 

54 

I 

56'.. I  . 

999704 
999699 

08 
08 

567727 
571 137 

5682 
5638 

53 

52 

9 

10 

57  VJ  1  j 

67' v>. 

5587 
5544 

a 

08 
08 

674530 
577877 

'^. 

425480 

422123 

61 
5o 

II 

8.580893 

M02 

9.999685 

08 

8.58iao8 

5510 

"•HI?? 

% 

12 

584103 
587469 
590721 

5460 

999680 

08 

584514 

5468 

i3 
14 

5419 
5379 
53i5 

999675 
999670 

08 
08 

i|I2?? 

5427 
5387 

4i22o5 

408949 

% 

J^ 

593948 

999665 

08 

594283 

ia'^ 

4o25od 

45 

i6 

597i5a 

53oo 

999660 

08 

59749a 

44 

>9 

6oo332 
603480 
606623 

5261 

5223 

5i86 

^55 
999650 
999645 

08 
08 
09 

606978 

5270 
5232 

5194 

5i58 

393022 

43 

42 

41 

20 

609734 

5i49 

999640 

09 

610094 

389906 

40 

21 

8.612823 

5lI2 

9.999635 

09 

8.613189 

5l2l 

II. 386811 

^ 

22 

6i58oi 
618937 

5076 

999629 

09 

616262 

5o85 

383738 
380687 

23 

5o4i 

999624 

09 

619313 

5o5o 

^ 

24 

621962 

5oo6 

999619 

09 

622343 

5oi5 

® 

25 

624965 

f^i 

999614 

09 

625352 

4981 

35 

26 
11 

627948 
63091 I 
633854 

999603 
999597 

09 
09 
09 

628340 
63i3o8 
634256 

4947 

371660 
368692 
365n44 
362816 
359907 

34 
.33 

32 

?9 
3o 

y^ 

ife 

^^ 

09 
09 

637184 
640093 

4848 
4816 

3i 
3o 

3i 

8-642563 

4775 

9.999581 

09 

8.642982 
645853 

4784 

11.357018 

2I 

32 

645428 

4743 

999575 

09 

4753 

354147 
351296 
348463 

33 
34 

648274 
65iioa 

'^. 

OT 

09 
09 

648704 
65i537 

4661 

U 

35 

653911 

4652 

999558 

10 

654352 

345648 

35 

36 

656702 

4622 

W553 

10 

657149 
659928 
662689 
665433 

463i 

342851 

24 

U 

6622^0 

45?3 

999547 
999541 

10 
10 

4602 
4573 

340072 
337311 

23 
32 

39 

664068 
667689 

4535 

W535 

10 

4544 

334567 

21 

40 

45o6 

999539 

ID 

668160 

45a6 

331840 

30 

41 

42 

'■v^ 

tv. 

'•^?^ 

10 
10 

"■^ 

4488 
4461 

ii>329i3o 
326437 

M 

43 

675751 

uu 

99951a  • 

10 

676239 

4434 

323761 

i5 

44 
45 

678405 
681043 

4397 

4370 

999506 
999500 

10 
10 

te 

4417 
438i 

321100 

3i8456 

46 

683665 

4344 

999481 

10 

684172 

4354 

3i5828 

14 

% 

686272 
688863 

43i8 
4292 
4267 
4242 

10 

10 

4328 
43o3 

3i32i6 
310619 

i3 
12 

^ 

691438 
693998 

« 

10 
10 

691063 
694529 

%\ 

3o8o37 
3o547i 

11 

lO 

5i 

3.696543 

4217 

9.999463 

II 

8-697081 

4228 

"•a 

1 

52 

7015^9 
704090 

4192 
4168 
4144 

999456 

11 

699617 

42o3 

53 
54 

999450 
999443 

II 
11 

704646 

1;?? 

^,\ 

2 

55 

706577 

4121 

999437 

II 

707140 

4132 

292860 

5 

56 

709049 

4097 

999431 

II 

709618 

4108 

287917 

4 

U 

7ii5o7 
713952 

4o5i 

999434 
999418 

11 

712083 
714534 

4o85 
4062 

3 
a 

t 

716383 
718800 

4029 
4006 

99941 I 
999404 

11 
II 

?:^ 

4040 
4017 

.283028 
380604 

1 
0 

r 

C(Mbe. 

D. 

0iM. 

D. 

OvUiif. 

D. 

Taog. 

/ 

92° 

i£ 
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8° 

176o| 

/ 

Bine. 

D. 

Cosine. 

D. 

Tang. 

D. 

CoUng. 

/ 

0 

8.718800 

4006 

9.999404 

II 

8.719396 

4017 
399* 

11.280604 

60 

I 

721204 

3984 

999398 

II 

72T806 

278194 

12 

2 

723595 

3962 

999391 
999384 

II 

724204 

3974 

275796 

3 

725072 
730688 

3941 

II 

726588 

3962 

273412 

U 

55 

4 
5 

IV^ 

999378 

II 
II 

B 

3930 

271041 
268683 

6 

733027 

3877 

12 

386^ 

266337 

54 

I 

735354 

385^ 

999357 

12 

740626 

264004 

53 

737667 

383o 

999350 

12 

3848 

261683 

52 

9 

739969 

38i6 

W9343 

12 

3827 

259374 

5i 

10 

742259 

3796 

999336 

12 

742922 

3807 

257078 

60 

II 

12 

8-744536 
746802 

1? 

9.999329 
999322 

12 
12 

8.745207 
747479 

3787 
376S 

11.254793 

252521 

^ 

i3 

749055 

3737 

9993i5 

12 

749740 

3749 

25o26o 

% 

14 

]Uni 

¥ 

9^08 

12 

751989 

3729 

248011 

i5 

999301 

12 

& 

3710 

245773 
243547 

45 

i6 

& 

3^? 

^^1 

12 

3692 

44 

\l 

12 

758668 

3673 
3655 

241332 

43 

760151 

3642 

999279 

12 

7630^5 

239128 
236935 

42 

»9 

762337 

3624 

w 

12 

3636 

41 

20 

764511 

36o6 

12 

765246 

36i8 

234754 

40 

21 

8.766675 

3588 

9.999257 

12 

'■]t^^ 

36oo 

11.232583 

U 

22 

768828 

3570 
3553 

999250 

l3 

3583 

23o422 

23 

.  770970 

999242 

i3 

OT 

3565 

228273 

226l34 

ll 

24 

773ioi 

3535 

999235 

i3 

3548 

25 

77^223 

35i8 

999227 

i3 

775995 

3531 

224005 

35 

26 

777333 

35oi 

999220 

i3 

7781 14 
780222 
782320 

35i4 

221886 

34 

11 

]mii 

3484 
3467 

999212 
999205 

i3 
i3 

uVo 

215592 

33 

32 

29 

7836o5 

345 1 

999107 
999189 

i3 

784408 

3464 

3i 

So 

785675 

343i 

i3 

786486 

3447 

.2i35i4 

3o 

3i 

8.787736 

3418 

9.999181 

i3 

8.788554 

343 1 

11.211446 

It 
ll 

32 

33 

791828 

3402 
3386 

999174 
999166 

i3 
i3 

790613 
792662 

3414 

207338 
200209 
203260 

201248 

34 

793859 

3370 
3354 

999158 

i3 

.  794701 

35 

796881 

999i5o 

i3 

796731 

3368 

25 

36 

797894 

3339 
3323 
33o8 

999»42 

i3 

802765 

3352 

24 

u 

^^. 

999134 
999126  • 

i3 
i3 

3337 

3322 

199237 
197233 
195242 

23 
22 

39 

803876 
8o5852 

3293 

999118 

i3 

804758 

33o7 

21 

40 

3278 

999110 

i3 

806742 

3292 

193258 

20 

41 
42 
43 
44 

8.807819 

813667 

3263 
3249 
3234 
3219 
32o5 

9.^9102 

» 

999077 
999069 

i3 
14 
14 
14 

81 2641 
814589 

3278 
3262 
3248 
3233 

11.191283 
189317 
18.359 
185411 

\t 
\l 

45 

815599 

14 

816529 

3219 
32o5 

I 8347 I 
181539 
179616 

i5 

46 

817522 

3191 

999061 

14 

818461 

14 

tl 

819436 

im 

999053 

14 

820384 

3191 

i3 

8213431 

999044 

14 

822298 

l\a 

177702 

12 

49 

823240 

3140 
3i35 

999036 

14 

824205 

II 

5o 

825i3o 

999027 

14 

826103 

3i5o 

10 

5i 

52 

8.82701 I 

828884 

3l22 

3io8 

9.999019 
999010 

14 
14 

'tX 

3i36 
3i23 

II. 172008 
170126 

2 

53 

830749 

^l 

14 

831748 
8336i3 

3iio 

168252 

I 

54 

832607 
834456 

998993 

14 

3096 
3o83 

166387 

55 

3069 
3o56 
3o43 

998984 

14 

835471 

164529 

5 

56 

U 

836207 
838i3o 

m 

i4 
i5 

837321 
839163 

3070 
30*7 
3o45 

!^]? 

4 
3 

a39956 

3o3o 

i5 

840098 
842825 
844644 

159002 

2 

U 

Zlli 

3017 
3ooo 

998950 
998941 

i5 
i5 

3o32 
3019 

•157175 
155356 

I 
0 

/ 

CoMoe. 

D. 

Sine. 

D. 

Cotang. 

D. 

Tang. 

/ 

» 

__ 

8««  1 
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Table  IL 

4° 

176° 

/ 

Sine. 

D. 

Ccmne. 

D. 

Tanf. 

D. 

CoUnf. 

/ 

o 

8.843585 

3oo5 

9.998941 

i5 

8.844644 

3019 

11. 155356 

"6^ 

I 

845387 
847 18J 

848971 
85o75i 
852525 

IX 

"9^^^ 

i5 

846455 

3007 
2905 
2982 

153545 

^ 

a 

W' ' ' 

j5 

848260 

i5,74o 

3 
4 

l^ 

i5 
i5 

85oo57 
85 1846 

\^il 

tl 

5 

2943 

^. -■■"!' 

i5 

853628 

146372 

55 

6 

854291 

2931 

99- >'^- 

i5 

855403 

2946 

144597 

54 

I 

856o49 
857801 

2919 

9^-s-s 

i5 
i5 

lVi,]\ 

2935 
2923 

142829 
141068 

53 

52 

9 

859546 

2890 

99o^i^ 

i5 

860686 

291 1 

,39314 

5i 

10 

861283 

2884 

99885, 

i5 

862433 

2900 

137567 

5o 

I, 

8-863014 

lit, 

9-99«^4( 

i5 

8.864173 

2888 

I,. 135827 

4I 

13 

864738 

9i)B833 

i5 

865906 
867632 

2877 
2866 

,34094 

i3 

866455 

285o 

9<;8823 

16 

,32368 

47 

i4 

868 I 65 

2839 
2828 

^88.3 

16 

869351 

2854 

i3o649 
,28936 

46 

i5 

869868 

998804 

16 

871064 

2843 

45 

l6 

871565 

2817 
2806 

» 

16 

874469 

2832 

127230 
,2553, 

44 

«9 

873255 

16 

2821 

43 

874938 
876615 

l]t 

998776 
99«766 

16 
16 

87616a 
877849 

281 1 
2800 

123838 

,22,5, 

42 
41 

20 

878285 

2773 

99S757 

16 

879529 

2789 

,2047, 

40 

ai 

22 

8-879949 
881607 
883258 

2763 
2752 

''S,il 

16 
16 

8.881202 
882869 

•l]U 

,,.,18798 

,,7l3, 

II547P 

^ 

23 

2742 

^8728 

16 

884530 

2758 

u 

24 

884903 
886542 

2731 

998718 

16 

886185 

2747 

,i38i5 

25 

2721 

99S708 

16 

887833 

2737 

112167 

35 

26 

888174 

2711 

9« 

16 

889476 

2727 

iio524 

34 

U 

889801 

16 

891112 

27,7 

108888 

33 

891421 

2000 

998679 

16 

894]66 

26?7 

,07258 
,oi634 

32 

29 

893035 

2680 

998669 

n 

3, 

36 

894643 

2670 

^5^ 

"7 

895984 

,040,6 

3o 

3i 

8.896246 

2660 

9.998649 

17 

8.897596 

265? 

II  ,02404 

U 

32 

897842 

265i 

%8639 

»7 

899203 

100797 

33 

899432 

2641 

998629 

»7 

900803 

099197 

25 

34 
35 

901017 
902506 

263 1 
2622 

998609 

17 
>7 

902308 
903087 
905570 

2648 
2638 

^.l 

36 

904169 

2612 

998509 
998580 
998578 

17 

2629 

094430 

24 

ll 

905736 

2603 
2593 
2584 

17 

907>47 
910285 

2620 
2610 

092853 
09128, 

23 
22 

39 

?98568 

>7 

2601 

^7i5 

2, 

40 

910404 

2575 

998558 

»7 

911846 

2592 

088,54 

30 

41 

'■& 

2566 

9.998548 

«7 

8.913401 
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1910 

& 

23 
23 

o4o65i 
o4i8i3 

1938 
1933 

« 

44 
43 

o4o342 
041485 

1905 
1899 

997355 

23 
23 

042973 
044 I 3o 

1928 
1923 

» 

42 
41 

20 

042625 

1894 

997341 

23 

045284 

1918 

954716 

40 

21 

22 

9.043762 
044695 

1889  ' 
1884 

9.997327 
9973i3 

24 

24 

9.046434 

^  047582 

046727 

052144 

1913 
1908 

10-953566 
952418 

t? 

23 
24 

046026 
047154 

\t!,l 

» 

24 

24 

i9o3 
1698 

■  ^3' 

U 

25 
26 

048279 
049400 

1870 

i865 

997271 
997267 

24 
24 

i8o3 

"IP 

948002 
947856 

35 
34 

11 

o5o5!9 
o5i635 

i860 

997242 

24 

053277 

1884 

B 

33 

1855 

997228 

24 

054407 
055535 

1879 

32 

29 

mm 

i85o 

997214 

24 

1874 

3i 

So 

1845 

9971^ 

24 

056659 

1870 

943341 

3o 

3i 

32 

9.054966 
056071 

1 841 
i836 

9.997185 

997141 

24 
24 

9.057781 

i865 
1869 
1855 
i85i 

10.942219 
941100 

^ 

33 
34 

057172 
058271 
059367 

i83i 
1827 

24 
24 

060016 
061 i3o 

i^ 

U 

35 

1822 

997127 

24 

062240 

1846 

25 

36 

060460 

1817 
i8ii 

997112 

24 

063348 

1842 

24 

u 

o6i55i 

997008 
997063 

24 

064453 

1837 
i833 

935547 

23 

062639 

1808 

25 

065556 

934444 

22 

39 

o63i24 
064606 

1804 

997068 

25 

066655 

1828 

933345 

21 

4o 

>799 

997053 

25 

067752 

1824 

932248 

30 

4i 

9-065885 

1794- 

9-997039 

25 

9.068846 

1819 
i8i5 

10.931154 

\t 

42 

066962 

1781 

997024 

25 

069938 

930062 

43 
44 

o68o36 
069107 
070176 
071242 
072306 

997009 
996994 

25 
25 

071027 
072113 

1810 
1806 

928^^3 

925722 
924644 

11 

45 
46 

ii 

1777 

996949 

25 
25 
25 

073197 
074276 
075356 

1802 

i5 
14 
i3 

073366 

1763 

996934 

25 

076432 

923568 

12 

49 

074424 

\iM 

996919 

25 

l^l5^6 

1784 

922495 

XI 

5o 

075480 

996904 

25 

1780 

921424 

10 

5i 

52 

53 

9.076533 

^7^63 1 

1750 
1746 
1742 

9996889 

25 
25 
25 

9079644 
060710 

1776 
1772 

io*92o356 
910290 
916227 

I 
I 

54 

019676 
000719 

1738 

996843 

25 

917167 

55 

1733 

996823 

25 

083891 

\]^ 

TiiS 

5 

56 

081759 

1720 
1725 

996812 

26 

084947 

4 

59 

084864 

996707 
996762 
996766 

26 

086000 

nSi 

914000 

3 

1721 

1717 
1713 

26 
26 

087050 
088098 

1?S 

912950 
9)0^ 

3 

I 

6o 

085894 

996751 

26 

089144 

1738 

0 

/ 

Cosine. 

D. 

Sine. 

D. 

Colang. 

D. 

Tanf. 

/ 

96^ 

> 

8SO| 

Table  II.    1 

7° 

.OGAR 

[THMIC  SINES 

,  TANGENTS,  ETC. 

3 

172°  1 

/ 

Sine. 

D. 

Co«ne. 

D. 

Tang. 

D. 

Cotang. 

/ 
67 

o 

9.085894 

1713 

9.996751 

26 

9.089144 

1738 

10.910856 

I 

2 

086922 
087947 
088970 
089990 

1709 
1704 

996735 

996720 

26 
26 

090182 
091228 

1734 
1730 

905664 
904633 
9o36o5 

^ 

3 

4 

12^ 

ffl 

26 
26 

092266 
093302 

1727 
1722 

u 

5 
6 

I 

9 

091008 
092024 
093037 

1692 

1688 
1684 

996541 

26 
26 
26 

094336 

1719 
170 
1711 

55 
54 
53 

^5^5^ 

1680 
1676 

,  996625 

■  996610 

26 
36 

098446 

iii 

902578 
901554 

52 

5i 

10 

096062 

1673 

996594 

26 

099468 

900532 

5o 

II 

12 

'•^ 

1668 
i665 

'■^Ul 

27 

9.100487 
101 5o4 

1695 
1691 
1687 

10.890513 
897481 

it 

i3 

099065 

1661 

9^6546 

27 

102519 

ii 

14 

100062 

1657 
i653 

9^6530 

27 

103532 

1684 

896468 

i5 

ioio56 

996514 

27 

104542 

1680 

8^5458 

45 

i6 

102048 

1649 
1645 

» 

27 

io555o 

1676 

894450 

44 

\l 

io3o37 
104025 

27 

106556 

1672 

893444 

43 

1641 

996465 

27 

n^ 

892441 

42 

>9 

io5oio 

i638 

& 

27 

891440 

41 

2o 

105992 

i634 

27 

109559 

l66i 

890441 

40 

21 
22 

9-1^3 

I06?2J 

i63o 
1627 
1623 
1619 
1616 

9.996417 
996400 

27 
27 

g. 110556 

^  iii55i 

1658 
1654 

10.880444 
888449 

^ 

23 
24 

996384 
996368 

27 

27 

112543 
113533 

i65o 
1 646 

887457 
886467 

u 

25 

996351 

27 

11452 1 

1643 

885470 
884493 

35 

26 

I1I842 

1612 

996335 

27 

11 5507 

1639 
1636 

34 

U 

1 1 2809 

1608 

996318 

ll 

116491 

883509 
882528 

33 

113774 

i6o5 

996302 

117472 

1632 

32 

«9 

1601 

996285 

28 

118452 

1629 
1625 

88x548 

3i 

36 

1597 

996269 

38 

119429 

880571 

3o 

3i 

32 

9-116656 
117613 
118567 

1594 

9.996252 
996235 

28 
28 

9.120404 

122348 

1622 
1618 

'"•^ 

It 

33 

1587 

996219 

28 

i6i5 

877652 
876683 

ll 

34 

119519 

i583 

996202 

28 

I233I7 

1611 

35 

120469 

i58o 

996185 

38 

134284 

1607 

875716 

25 

36 

121417 

1576 

996168 

38 

125249 

1604 

§74751 

24 

ll 

122362 

i233o6 

•& 

9961 5i 
996134 

38 
38 

126211 
127172 

1601 
1597 

» 

23 
22 

39 

124248 

996117 

38 

12dl3o 

1594 

871870 

21 

4o 

125187 

i563 

996100 

•38 

129087 

1591 

870913 

20 

41 

42 

9'i26i25 
127060 

\l^ 

9.996083 
996066 

29 
29 

9.I3004I 
i3o994 

1587 

""S 

\t 

43 

121993 
128025 

i552 

996049 

29 

i58i 

\l 

i5 

U 
45 

1 549 
i545 

996032 
996015 

29 
29 

i577 
1574 

867107 
866I6I 

46 

130781 

i542 

9^5^63 

29 

134784 

i564 

865216 

14 

S 

131706 
i3263o 

\ni 

29 
29 

i35t26 

I3S542 

864274 
863333 

i3 
12 

49 

i3355i 

1 533 

995946 

29 

i56i 

862395 
861438 

11 

56 

134470 

i529 

^5?28 

29 

1558 

10 

5i 

'•|^S!3 

1 525 

9.995011 

29 

9.139476 

1555 

io.86o5?4 

t 

52 

l522 

995894 

29 

140409 

i55i 

8f^9^9' 

53 

137216 

i38i28 

i5\.9 
i5i6 

995816 
9?5849 

29 

i4i34o 

i548 

8ri^'-..'..D 

I 

54 

29 

142369 
143196 

i545 

8f.-.ir 

55 

139037 

l5l2 

995841 

29 

1543 

856^04 

5 

56 

;^ 

;^ 

995823 
995806 

29 
29 

144I3I 
145044 

i53o 
1535. 

855B70 
8549^6 

4 
3 

141754 
142655 

i5o3 

995788 

39 

145066 
146885 

i532 

854o54 

3 

59 

i5oo 

^11 

29 

1529 
1526 

8531 i5 

1 

66 

143555 

1496 

29 

147803 

853(97 

0 

' 

COUM. 

D. 

Sine. 

D. 

CotMOg. 

D. 

Tang. 

/ 

97° 

820  1 
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8° 

171° 

f 

Sine. 

D. 

C<Mine. 

D. 

Tang. 

D. 

Coutug. 

/ 

0 

9.143555 

1496 

9.995753 

3o 

"■Xl 

i526 

10-852197 

60 

I 

144453 

1493 

995735 

3o 

i523 

85 1 282 

u 

3 

145349 
146243 

1490 
1487 

995717 
995609 
995681 

3o 

149632 

l520 

85o368 

3 

3o 

i5o544 

I5i7 

849456 
848546 

U 

4 

147136 
148026 

1484 

3o 

i5i454 

i5i4 

5 

1481 

995664 

3o 

152363 

i5ii 

847637 

55 

6 

148915  ' 
149802 

1478 

995646 

3o 

•  153269 

i5o8 

846731 

5i 

I 

1475 

995628 

3o 

•  154174 

i5o5 

845826 

53 

i5o686 

1469 
1466 

993610 

3o 

•S 

l502 

844923 

52 

9 

10 

i5i569 
i5245i 

995591 
995573 

3o 
3o 

1499 
1496 

844022 
843123 

5i 
5o 

II 

9-153330 

1463 

9.995555 

3o 

'IS;; 

1493 

10-842225 

it 

12 

1 54208 

1460 

^  ^5537 

3o 

1490 
1487 

841329 

i3 

i55o83 

1457 

995519 

3o 

159565 

840433 

U 

14 

I 56830 

1454 

995501 

3i 

160457 

1484 

83?653 

i5 

I45i 

995482 

3i 

161347 

1481 

45 

i6 

159435 

1448 

995464 

3i 

162236 

1479 
1476 

W 

44 

\l 

1445 

995446 

3i 

i63i23 

43 

1442 

995427 

3i 

164008 

1473 

835992 

42 

»9 

i6o3oi 

\i^ 

995409 

3i 

164892 

1470 

835io8 

41 

20 

161164 

995390 

3i 

165774 

1467 

834226 

40 

2! 

9-162025 

1433 

''& 

3i 

9.166654 

1464 

10.833346 

^ 

22 

162885 

i43o 

3i 

167532 
168409 

1461 

832463 

23 

163743 
164000 

1427 

995334 

3i 

1458 

83i59i 

U 

24 

1424 

995316 

3i 

169284 

1455 

830716 

25 

165454 

1422 

995297 
99527* 
995260 
995241 

3i 

170157 

1453 

820843 

35 

26 

11 

i663o7 
168008 

1419 
1416 
I4r3 

3i 
3i 

32 

171029 
171809 
'72767 
173634 

i45o 

1447 
1444 

828101 
827233 
826366 

34 
33 

32 

29 

168856 

1410 

995222 

32 

1442 

3i 

3o 

169702 

1407 

995203 

32 

X74499 

1439 

825501 

3o 

3i 

9-170547 

i4o5 

9.995184 

32 

9.175362 

1436 

10-834638 

^ 

32 

171389 

140a 

995i65 

32 

176224 

U33 

823776 

3d 

33 

172230 

\l^ 

995146 

32 

177084 

I43i 

822916 

ll 

34 

173070 

995127 
995108 

32 

177942 
i8i36o 

1428 

822058 

35 

173908 

1394 

32 

1425 

82 1 201 

35 

36 

174744 

|3?8 
1 386 

995089 

32 

1423 

820345 

24 

ll 

175578 
176411 

995070 
995o5i 

32 
32 

1420 
1417 
I4i5 

819492 
818640 

l3 
22 

39 

177242 
178072 

i383 

995o32 

32 

182211 

817789 
616941 

31 

40 

i38o 

995oi3 

32- 

i83o59 

1412 

»0 

41 

9-178900 

1677 

9-99^  >^ 

32 

9.183907 

1409 

10.816093 

!? 

42 

\iut 

1374 

9^-^rv 

32 

184752 

1407 

815248 

43 

1372 
1369 
i366 

99  IwV"] 

32 

i85io7 

1404 

814403 

ll 

44 

181374 

99  ■,..^1 

32 

186439 

1402 

8i356i 

45 

182196 

99, -.r. 

33 

187280 

\^ 

813720 
811880 

i5 

46 

i83oi6 

1364 

99r'-j'.' 

33 

188120 

14 

tl 

183834 

i36i 

99  ,  - 

33 

188958 

1393 

811042 

i3 

18465 I 

1359 
i356 

99  :  ■-• 

33 

189794 
190629 

i3oi 
13S9 

810206 

12 

49 

185466 

99  ,.-.  ^ 

33 

8^5?8 

II 

5o 

186280 

1353 

99-':' 

33 

191462 

i386 

10 

5i 

9.187092 

l35i 

9.994798 

33 

9.192294 

i384 

10-807706 
806876 

I 

52 

187903 

i348 

994779 
994739 

33 

193124 

i38i 

53 

188712 
189410 
190325 

i346 

33 

193953 

\l]f 

806047 

I 

54 

1343 

994739 

33 

\r^ 

8o522o 

55 

i34i 

994720 

33 

•i374 

804394 

5 

56 

191130 

1338 

994700 
994680 

33 

196430 

l37I 

803570 

4 

U 

191933 

1336 

33 

197253 

801926 

3 

193534 

■  i333 

994660 

33 

198074 

3 

59 

i33o 

994640 

33 

19^894 

i364 

801106 

I 

60 

194332 

1328 

994620 

33 

199713 

i36i 

800287 

0 

/ 

Coeine. 

D. 

Sine. 

D. 

Coiang. 

D. 

Tang. 

/ 

w 

» 

8lo| 
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90 

170°  1 

/ 

Bine. 

D. 

Codne. 

D. 

Tang. 

D. 

CoUng. 

1 

0 

9*194332 

i328 

9-994620 

33 

9.199713 

i36i 

10-800287 

bo 

I 
2 

\& 

i326 
1323 

994600 
994580 

33 
33 

200620 
201343 

\IU. 

]%ll 

^ 

3 

196719 

l321 

994560 

34 

202159 

1354 

797841 

57 

4 
5 

i3i8 
i3i6 

994540 
994519 

34 
34 

202971 
203782 
204592 

i352 
1 349 

797020 
796218 

56 
55 

6 

199091 

i3i3 

994499 

34 

i347 
1345 
1342 

795408 

54 

I 

l^ 

i3ii 

i3o8 

994479 

34 
34 

205400 
206207 
20701 J 

794600 
793793 
792987 
792183 

53 

52 

9 

20i45i 

i3o6 

34 

1340 

5i 

10 

202234 

i3o4 

994418 

34 

207817 

1338 

5o 

II 

9-2o3oi7 

i3oi 

9-994398 

34 

9.208619 

i335 

10-79 1  ^t 

it 
il 

12 
i3 

203797 
204577 
205354 

129O 

994377 
994336 

34 
34 

209420 
210220 

1 333 
i33i 

?? 

14 

1294 

34 

21IOI8 

1328 

78 

i5 

2o6i3i 

1292 
1289 

994316 

34 

211815 

i326 

78  ;   . 

45 

16 

206906 

994295 

34 

21261I 

1324 

78-1  .. 

44 

\l 

207679 
208452 

1287 

1285 

^li 

35 
35 

2i34o5 
214198 
214989 

1321 

i3i9 

78    . 
78 

43 
43 

19 

209222 

1282 

994233 

35 

i3n 

78  ,. 

41 

20 

209992 

1280 

994212 

35 

215780 

i3i5 

784220 

40 

21 

9-2io]6o 
21 1626 

1278 

9.994191 

35 

9-216568 

l3l3 

10-783432 

It 

22 

1275 

994171 

35 

217356 
218142 

i3io 

782644 

23 

212291 
2i3o55 

1273 

994 I 5o 

35 

i3o8 

781858 

U 

24 

1271 

1268 

994120 
994108 

35 

218926 

i3o5 

781074 

25 

2i38i8 

35 

219710 

i3o3 

780290 

35 

26 

11 

2iy? 

1266 
1264 

^^ 

35 
35 

220492 
221272 

222032 

i3oi 
1299 

778728 

34 
33 

2l68?4 

I26I 

994045 

35 

1297 

777948 

32 

29 

1259 

994024 

35 

22283o 

1294 

777170 

3i 

3o 

^.217609 

1257 

994003 

35 

223607 

1292 

776393 

3o 

3i 

9-218363 

1255 

9.993982 

35 

9-224382 

1290 
1288 

io-7756i8 

It 

32 

*      219116 

1253 

993960 

35 

225i56 

774844 

33 

219868 

I25o 

993930 
993910 
993897 

» 

35 

225929 

1286 

774071 

2 

34 

220618 

1248 

35 

226700 

1284 

773300 

35 

221367 

2221l5 

1246 

36 

227471 

1 281 

772529 

25 

36 

1244 

36 

228239 

1279 

771761 

24 

il 

222861 

1242 

36 

229007 

1277 
1275 

770993 

23 

2236o6 

1239 

993832 

36 

770227 

28 

39 

224349 

1237 

1235 

9938II 

36 

1273 

21 

40 

225092 

993789 

36 

23l302 

1271 

768698 

20 

41 

9-225833 

1233 

9.993768 

36 

9-232065 

1269 

10-767935 

\t 

42 

226573 

I23l 

993746 

36 

232826 

1267 
1265 

766414 

43 

227311 
228048 

1228 

993725 

36 

233586 

:2 

44 

1226 

^If. 

36 

234345 

1262 

765655 

45 

228784 
229518 

1224 

36 

235io3 

1260 

764897 

i5 

46 

1222 

993660 

36 

235859 

1258 

764141 

14 

il 

230252 

1220 

993638 

36 

236614 

1256 

763386 

i3 

230984 

1218 

993616 

36 

237368 

238l20 

1254 

762632 

12 

49 

23i7i5 

1216 

993594 

37 

•l252 

761880 

11 

5o 

232444 

1214 

993572 

37 

238872  • 

I25o 

761128 

10 

5i 

9.233172 

1212 

9.993550 

?7 

9-239622 

1248 

10.760378 

t 

52 

233899 
234625 

1209 

993528 

?7 

240371 

1246 

'X', 

53 

1207 
120D 

993506 

37 

241118 

1244 

I 

54 

23534Q 
236073 
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255824 

7434?3 

'^ 

14 

249583 
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35 
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992736 

39 
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34 

11 

1141 

39 
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33 
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39 
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32 

12 

^^3'] 
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?2 
39 
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3o 

3i 
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39 
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39 
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34 
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?9 
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36 
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39 
39 

271479 
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25 

24 

39 
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39 

272876 
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23 

1120 
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992478 
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40 
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40 
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40 
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725o36 
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Iii5 
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40 
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42 

268734 
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40 
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Ii53 
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44 
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40 
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45 

1108 
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40 
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72^37 
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i5 

46 
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49 
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992287 
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40 
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9-992166 
992142 

40 
40 

9.282542 
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277337 
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1089 
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VM 

992044 
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41 
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281897 
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41 

289099 
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41 
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55 

6 
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41 
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loji 
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42 
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991699 

42 
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i5 
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42 
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i6 
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42 
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43 
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42 
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26 
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43 
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43 
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1080 
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29 
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43 
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3o 
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43 
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3i 
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1075 

10.690891 

27 

32 

33 

300895 
3oi5i4 

io3i 
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3i36o8 

686392 
685753 

22 

39 

3o5207 

1020 

990960 

43 

314247 
3i4885 

1064 

21 

46 
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1 
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910 
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49 
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% 

2 

353i8i 
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^l 
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49 
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4 
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49 
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634910 
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49 
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In 
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55 

6 
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3668x0 
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54 

I 
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49 
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53 

356443 
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49 
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9 
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^ 
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49 
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5i 

10 
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49 
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5o 

II 

9.358064 
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49 
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It 

12 
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49 
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i3 
14 
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359678 

'^ 

371307 
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945 
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629201 
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il 

i5 

36o2i5 

893 

9h-,>, 

5o 

943 

628067 

45 

i6 

360752 
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9^::  2 

5q 

373064 

942 
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626936 
626^71 

44 

\l 

361287 
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60 
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43 

361822 

980193 
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5o 
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42 

19 
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5o 
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$t 
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41 

20 
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5o 
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40 

21 
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^ 
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5o 
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$1 
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i^ 

22 
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5o 
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23 
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5o 
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37 

24 
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5o 
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25 
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882 
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5o 
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26 
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5o 

?3i 
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11 

366604 
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5o 
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33 
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5o 

379239 
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'^ 
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5i 
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3o 

3i 

9.36871 1 

875 

9-987801 

5i 

9.380Q10 

026 

10-619090 
618534 

U 

32 

369236 

874 

987771 

5i 

381466 

925 

33 

369761 

873 

987740 

5i 

382020 

924 

617980 

ll 

34 

370285 

872 

987710 
987679 

5i 

382575 

923 

.  617425 

35 

370808 

871 

5i 

383129 

922 

616871 

25 

36 

37i33o 

870 

» 

5i 

383682 

921 

6i63i8 

24 

ll 

371852 

869 

5i 

384234 

920 

615766 

23 

372373 

^62 
865 

987588 

5i 

384786 
385337 
385888 

lit 

917 

6i52i4 

22 

39 
40 

372894 
373414 

»■ 

5i 
5i 

614663 
614112 

21 
20 

41 

9.373933 

864 

'•» 

5i 

9.386438 

915 

io.6i3562 

:§ 

42 

374452 

863 

5i 

3^1 
386084 
388631 

914 

6i3oi3 

43 

374970 

862 

987434 

5i 

9i3 

612464 

n 

44 
45 

375487 
376003 

861 
860 

9S7403 
98737a 

52 
52 

912 
911 

6119x6 
6n369 

16 

i5 

46 

376519 
377035 

850 

9'?734i 

52 

389178 

910 

610822 

14 

49 

858 

987310 

52 

389724 

^ 
^ 

610276 
609730 
600185 
608640 

i3 

» 

lU 

987273 

52 
52 

390270 
390815 

12 
II 

56 

378577 

854 

9S7317 

52 

391360 

10 

5i 

9-379089 

853 

9.987186 

52 

9.391903 

905 

10.608097 
607553 

t 

52 

380624 

852 

987155 

52 

392447 

904 

53 
54 

85i 
85o 

9871^  ► 
987002 

52 
52 

» 

?o3 
902 

60701 1 
606469 

I 

55 

38ii34 

i? 

9870^^1 

52 

394073 

901 

» 

5 

56 

38x643 

9^70.io 

52 

394614 

4 

tl 

382152 

84^ 

52 

395154 

899 

604846 

3 

382661 

gW^il 

52 

l& 

808 

6o43o6 

2 

59 

383i68 

845 

52 

897 

603767 

I 

6o 

383675 

844 

986904 

5a 

396771 

8^ 

6o3a29 

0 

/ 

Cosine. 

D. 

Sine. 

D. 

Cotang. 

D. 

Tang. 

/ 

loa 

|0 

76®  1 

82 

LOGARITHMIO  SINES 

TANGENTS,  ETC.    Table  IL  | 

165<'  1 

/ 

Bine. 

D. 

Corine. 

D. 

Tang. 

D. 

Catang. 

/ 

0 

9-383675 
3B4182 

844 

99'   .  . 

53 

9-396771 
397309 
397846 

398383 

^. 

10-6o3239 

6c 

I 

843 

9'  -1 

53 

896 

602691 
602154 

U 

2 

384687 

842 

9s;.-.  ,= 

53 

895 

3 

385192 

841 

<)::t^'r^,.r^ 

53 

894 

601617 

U 

4 

3856y7 

840 

^^^niH 

53 

» 

893 

601081 

5 

386201 

839 
838 

til 

g^/ni(> 

53 

892 

600545 

65 

6 

I 

386704 
387207 
387709 

9t.-S65i 

53 
63 
53 

399090 
400624 
4oio58 

8?o 

600010 

5^ 

9 

388210 

835 

986619 

53 

401591 

598409 
597876 

l^ 

10 

388711 

834 

986587 

53 

402124 

887 

60 

II 

9-389211 

833 

9.986555 

53 

0. 402656 

886 

'-^n 

i 

12 

"^  38^711 

832 

986523 

53 

4o3i87 
403718 

885 

i3 

390210 

83 1 

986491 
986459 

53 

884 

5g6282 

ii 

14 

390708 

83o 

53 

404240 

405J08 
405836 

883 

595761 

i5 

391206 

828 

986363 

53 

882 

595222 

45 

i6 

17 

391703 
392695 

826 

i 

881 
880 

» 

44 
43 

18 

825 

986331 

54 

4o6364 

V,l 

593636 

42 

>9 

393191 
393685 

824 

l& 

54 

406892 

593108 

41 

20 

823 

54 

407419 

877 

592581 

40 

21 

'ttl]^ 

822 

9.986234 

54 

''X 

M 

10-592055 

^ 

22 

821 

986202 

54 

875 

591529 

23 

395166 

820 

986169 

54 

408096 
409521 

410045 

874 

591004 

U 

35 

24 
25 

395658 
396150 

l^ 

986137 
986104 

54 
54 

874 
873 

sW 

26 

396641 

817 

986039 

54 

410569 

872 

58o43i 

34 

U 

397132 

817 
816 

54 

4II092 

871 

580908 

33 

397621 

986007 

54 

4ii6i5 

870 

588o85 

32 

29 

3981 1 1 

8i5 

985974 

54 

412137 
4i265d 

800 

587863 

3i 

3o 

398600 

814 

985942 

54 

868 

587342 

3o 

3i 

32 

9-399088 
399575 

8i3 
812 

'■» 

55 
55 

9-4i3i79 
413699 

^ 

10-586821 
586301 

^ 

33 

400062 

811 

985843 

55 

414219 
414738 

865 

585781 

ll 

34 

400549 

8io 

985811 

55 

864 

585262 

35 

4oio33 

S 

985778 

55 

415257 

415775 

864 

584743 

25 

36 

40 §520 

985745 

55 

863 

584225 

24 

ll 

4o2oo5 
402489 

^ 

983712 

a 

55 
55 

416293 
416810 

862 
861 

583707 
583190 

23 
22 

39 

402972 

8o5 

55 

417326 

860 

582674 
582168 

21 

40 

403455 

804 

985613 

55 

417842 

859 

20 

41 

9.403938 

8o3 

9.985580 

55 

9-418358 

858 

10-581642 

;§ 

42 

404420 

802 

985547 

55 

418873 
4193S7 

lU 

681127 
68o6i3 

43 

404901 
405382 

801 

985514 

55 

\i 

44 

800 

985480 

55 

4 I 9901 

855 

57^ 

45 

405862 

1^ 

985447 

55 

42041 5 

855 

l5 

46 

406341 

985414 

56 

420927 

854 

t]^ 

14 

il 

406820 

796 

985381 

56 

421440 

853 

i3 

407299 

985347 

56 

421952 

852 

578048 

12 

'^ 

407777 
408254 

795 
794 

985314 
985280 

56 
56 

422463 
422974 

85 1 
85o 

577537 
577026 

11 
10 

5i 

52 

9-408731 
409207 

794 
793 

'■& 

56 
56 

9-423484 

l^ 

10-5765 16 
676007 

? 

53 

409682 

792 

985180 

56 

848 

m% 

I 

54 

410157 

791 

985146 

56 

425oii 

84^ 

55 

4io632 

985ii3 

56 

425519 

6744s  1 

5 

56 

u 

59 

411106 
411 5]9 

4l2o52 

412524 

a 

56 
56 

426027 
•426534 

845 
844 

t^^-& 

4 
3 

t 

98501 1 
984978 

56 
56 

427041 
427547 
428052 

843 
843 

ii^n 

2 

60 

412996 

785 

984944 

56 

«42 

671^48 

0 

f 

Cosine. 

D. 

Sine. 

D. 

Cotang. 

D. 

Tai^;. 

/ 

104 

0 

^^^ 

76°  1 

Table  II.   LOGARITHMIC  SINES, 

TANGENTS.  ETC.        88  | 

15° 

1640  1 

/ 

Sine. 

D. 

Cosine. 

D. 

Tang. 

D. 

Ck)tang. 

/ 

0 

41393^ 

785 

9'9^.W51 

57 

9.428052 

842 

10.571948 

60 

I 

784 

98.19  J  t> 

57 

428558 

841 

571442 

ll 

2 

783 

98dH76 

57 

429062 

840 

570938 

3 

414408 

783  . 

9.S4ai2 

57 

429566 

83§ 

570434 
5^9930 

U 

4 

414878 

782 

<)Hiikjii 

?7 

430070 

5 
6 

4 I 5347 
4i58i5 

% 

9^^4774 
98^7^0 

l^ 

430573 
431075 

838 
837 
836 

568925 

55 

54 

I 

416283 

Vit 

9B470& 

?'' 

43x577 

568423 

53 

416751 

984t»7a 

57 

432079 
432580 

835 

56792 X 

52 

9 

417217 

Vil 

^Hsm 

57 

834 

567420 
566920 

5x 

10 

417684 

984603 

57 

433080 

833 

5o 

II 

9-4i8i5o 

775 

9.98^^^--^ 

57 

9.433580 

832 

10.566420 

^ 

12 

4i86i5 

774 

9f.:..-j3 

57 

434080 

832 

565920 

i3 

419079 

773 

9^'.,-'0'j 

57 

ffl 

83i 

56542 X 

2 

14 

419544 

773 

9^:;/'' 

58 

«3n 

564922 

i5 
i6 

420007 
420470 

77a  , 
771 

9e.n;. 
9^  -1  mjt 

435376 
436073 

829 
828 

564424 
563927 

45 
44 

12 

420o33 

t 

9e-..i 

58 

.  436570 

438059 

828 

563430 

43 

42i3q5 
42i85t 
4223i8 

<^^'!2Z- 

58 

sll 

825 

562933 

42 

19 

20 

984269 

58 
58 

562437 
561941 

41 
40 

21 

nvl 

?^ 

9.984224 

58 

9-438554 

824 

10.56x446 

l^ 

22 

lii:?5 

58 

439048 

823 

560952 

23 

423697 
4241 56 

765 

58 

439543 

823 

560457 

u 

24 

764 

984120 

58 

44oo36 

822 

559964 

25 

4246x5 

763 

984085 

58 

440529 

821 

55^^78 
558486 

35 

26 

425^53 
425530 

762 

984050 

58 

441022 

820 

34 

11 

29 

76. 

984015 

58 

44i5i4 

8x9 

33 

426443 

760 
760 

983981 
983946 

58 
58 

442006 

l;g 

lt!,^i 

32 

3x 

3o 

426899 

759 

98391 I 

58 

8x7 

557012 

3o 

3i 

9.427354 

758 

9.983875 

58 

'•^3^ 

816 

10.556521 

It 

32 

42^26? 

n 

983840 

59 

816 

556o32 

33 

9838o5 

59 

444458 

8x5 

555542 

U 

25 

34 
35 

428717 
429170 

tl 

& 

n 

444947 
445435 

8x4 
8i3 

555o53 
554565 

36 

429623 
430075 

,53 

7M 

983700 
983664 

n 

445923 
44641 1 

8x2 
8x2 

a 

24 

23 

43o52T 
430978 

75j 

983629 

59 

446808 
447384 

8x1 

553x02 

22 

39 

75i 

^^ 

59 

8x0 

5526x6 

2X 

40 

43x429 

750 

59 

447870 

809 

552i3o 

20 

41 

9.431879 

749 

9.983523 

^ 

9-448356 

^ 

10.551644 

\t 

42 

432320 

432778 

rf 

98i;ni 

59 

448841 

55xx59 

43 

gShvyi 

59 

449326 

^ 

550674 

\l 

44 

433226 

1^1 

981.ti6 

59 

449810 

550190 

45 

433675 

983381 

59 

450294 

806 

549706 

i5 

46 

434122 

745 

983Ji5 

59 

45x260 
45x743 

8o5 

549223 
548740 
548257 
547775 

14 

tl 

434560 
4350x6 

744 
744 

983309 
9833^8  • 

^ 

804 
8o3 

i3 
12 

49 

435462 

743 

60 

452225 

802 

IX 

56 

435908 

742 

9&3202 

60 

452706 

802 

547294 

10 

5i 

9-436353 

741 

9.983166 

60 

'•a 

801 

10.5468x3 

t 

52 

436798 

740 

983 i3o 

60 

800 

546332 

53 
54- 

437242 
437686 
438x29 

740 
?3§ 

983094 
983o58 

.60 
60 

454148 
454628 

799 

545852 
545372 

I 

55 

983022 

60 

455107 
455586 

544893 

5 

56 

438572 

]ll 

982986 

60 

?^ 

544414 

4 

U 

439014 

982950 

60 

456064 

543936 

3 

439456 

736 

982014 

982878 

60 

456542 

796 

543458 

a 

59 

fM 

735 

60 

4570x9 
457496 

795 

542981 
542604 

1 

160 

734 

982842 

60 

794 

0 

"loi 

Coeine. 

D. 

^ine. 

D. 

Cotanf. 

D. 

Tang. 

/ 

►0 

74^1 

34 
16^ 

LOGARITHMIC  SINES 

TANGENTS,  ETC 

\         Table  IL 

) 

163° 

1 

0 

Sine. 

D. 

Codne. 

D. 

Tang. 

D. 

Cotang. 

t 

9-440338 

734 

9-982842 

60 

9.457496 

794 

10-542504 

60 

I 

440778 

733 

982805 

60 

457973 

793 

542027 

% 

3 

441218 

732 

98273? 
982606 
982660 

61 

45844Q 
45892?  . 

793 

541 55 1 

3 

441658 

73 1 

61 

792 

541075 

U 

55 

4 
5 

442096 
442535 

73i 
73o 

61 
61 

459400 
459875 

791 
790 

540600 
540125 

6 

442973 

?5? 

982624 

61 

460349 
460823 

539651 

54 

I 

443410 

982587 

61 

709 

53?7o3 

53 

443847 

727 

982551 

61 

461297 

788 

52 

9 

444284 

'^ 

982514 

61 

461*770 

788 

538230 

5i 

10 

444720 

982477 

61 

462242 

787 

537758 

5o 

II 

9-445i55 

725 

9-982441 

61 

9.462715 

•7^ 

10.537285 
536814 

^§ 

12 

445590 

724 

982404 

6i 

463i86 

7?5 

i3 

446025 

7i3 

982367 

61 

463658 

785 

536342 

% 

i4 

446459 
446893 
447326 

723 

982331 

61 

464128 

784 

535872 

i5 
i6 

722 
721 

982204 
982257 

61 
61 

464509 

783 
783 

535401 
534931 

45 
44 

;s 

447759 

720 

982220 

62 

465539 
466008 

782 

534461 

43 

448191 

720 

982183 

62 

781 

533992 
533523 

42 

19 

448623 

?;? 

982146 

62 

» 

780 

41 

20 

449054 

982109 

62 

780 

533055 

40 

21 
22 

9-449485 
45S45 

?;z 

^•9^03! 

6a 
62 

468347 

?]? 

10.532587 

532120 

^3? 

23 

716 

981908 
98 1961 

62 

778 

53 1653 

U 

24 

450775 

715 

62 

468814 

776 

53ii86 

25 

45 1204 

714 

98l?86 

62 

469280 

530720 

35 

26 

45i63a 

7i3 

62 

469746 

775 

930254 

34 

52 

452060 

7i3 

981849 

62 

470211 

775 

529789 

33 

452488 

712 

981812 

62 

470676 

774 

628395 

32 

29 

452915 
453342 

711 

981774 
981737 

62 

47"4i 

773 

3i 

3o 

710 

62 

471605 

773 

3o 

3i 

9.453768 

710 

9.981700 

63 

9.472069 

772 

10.527931 

It 

32 

454194 

?S 

981662 

63 

472532 

771 

527468 

33 

454619 

981625 

63 

&. 

771 

527005 
526543 

U 

34 

455044 

707 

981587 

63 

'^ 

35 

455469 
455893 

?o? 

981549 

63 

473919 

626081 

25 

36 

981512 

63 

474381 

?^ 

525619 
525i58 

24 

% 

4563 16 

705 

981474 
9814^6 

63 

474842 

23 

456739 

704 

63 

475303 

767 

a 

22 

39 

457162 

704 

%t 

63 

475763 

tA 

21 

40 

457584 

703 

63 

476223 

523777 

20 

41 

9.458006 

702 

9.981323 

63 

9-476683 

7?? 

10.523317 
522858 

1§ 

42 

458427 
458848 

701 

981285 

63 

477142 

165 

43 

701 

981247 

63 

a 

7^^ 

522399 

11 

44 

459268 

700 

981209 

63 

763 

521941 

45 

459688 

981 171 
981133 

63 

478517 
478975 
479432 

763 

521483 

i5 

46 

460108 

64 

76a 

521025 

14 

% 

49 

460527 
460946 
46i364 

698 

981095 
981067 
981019 

64 

761 

520568 

i3 

^ 

64 
64 

ffl 

76, 
760 

520111 

519655 

12 
II 

5o 

461782 

695 

980981 

64 

480801 

759 

519199 

10 

5i 

52 

9.462199 
462616 

695 
694 

9.98  :. 

90  ,'. 

64 
64 

9-481257 
481712 

75? 

10.518743 
518288 

t 

53 

463o32 

6?3 

58....... 

64 

482167 

757 

617833 

I 

5 

54 
55 

463448 
463864 

6^3 
692 

98  ■  - 
98''-  -. 

64 
64 

482621 
483075 

^i 

\\t^^ 

56 

464279 

6^1 

98.^ 

64 

4H3529 

755 

J'J^'^i 

4 

% 

464694 

6^0 

98:-.. 

64 

483982 

755 

5i6oi8 

3 

465io8  • 

98.-.- ■; 

64 

484435 

754 

5 15565 

2 

59 

465522 

689 

^8,  ..■■;. 

64 

484887 

7?? 

5i5ii3 

I 

66 

465935 

688 

98./../. 

64 

485339 

753 

5i466i 

0 

1 

Cosine. 

D. 

Sine. 

D. 

Cotang. 

D. 

Tang. 

/ 

Toi 

i° 

78°  1 

Table  II.   LOGARITHMIC  SINES 

.  TANGENTS,  ETC.        35  | 

17^ 

► 

162°  1 

/ 

Sine. 

D. 

Cosine. 

D. 

Tang. 

D. 

CoUnf. 

/ 

0 

9.465935 
466348 

688 

'•» 

64 

9.485339 

755 

10.514661 

60 

I 

688 

64 

485791 

752 

614209 
513158 
5 I 3307 

69 

2 

466761 

^l 

980319 

65 

486242 

75i 

58 

3 

4675^5 

980480 

65 

486693 

751 

u 

4 

685 

980442 

65 

487143 

750 

512857 

5 
6 

468407 

685 
684 

980403 
980364 

65 
65 

48^043 

749 

612407 

IWtl 

65 
54 

I 

468817 

683 

980325 

65 

488492 

53 

469227 

683 

980286 

65 

488041 
489390 
489838 

747 

5iio59 

52 

9 

10 

469637 
470046 

682 
681 

980247 
98020a 

65 
65 

]ii 

5io6io 
610162 

5i 
5o 

II 

9.476455 

680 

9.980169 

65 

9.490286 

746 

10.509714 

^ 

12 
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525630 

592 

974122 

75 

55ii53 
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/ 

Bine. 

D. 

Cooine. 

D. 

Tang. 

D. 

Cotang. 

/ 

0 

9.554339 
554658 

548 

9*97oi53 

81 

9.584177' 
^  5845i5 

639 

10.415823 

60 

I 

548 

970103 

81 

639 
638 

415445 

u 

3 

554087 
5553 I 5 
555643 

647 

970055 

81 

ill 

4i5o68 

3 
4 

54? 

^ 

81 
81 

628 
637 

414691 
414314 

u 

5 
6 

555971 
556299 
5566^6 

546 
545 

» 

81 
81 

586063. 

586439 
5868i5 

627 
626 

413938 
4i356i 

55 
54 

2 

545 

^8,1 

81 

4i3i85 

53 

556953 

544 

969762 

81 

5875?6 

636 

412810 

52 

9 

557280 

544 

W 

81 

625 

412434 

5i 

10 

557606 

543 

81 

587941 

625 

413059 

5o 

II 

9-557932 

543 

9.969616 

83 

9.5883i6 

625 

10.411684 

it 
ii 

12 

i3 

558258 
558583 

543 
542 

969518 

83 
83 

588691 
589066 

624 
624 

4ii3o9 

410934 

#4io56o 

i4 

558909 

542 

969469 

83 

589440 

623 

|5 

559234 

541 

969430 

83 

589814 

623 

410186 

45 

16 

559558 

541 

969370 

83 

590188 

623 

409813 

44 

\l 

559883 

540 

969331 

83 

590563 

622 

409438 

43 

560207 

540 

969373 

83 

590035 

622 

4OO065 
408693 

43 

19 

56o53i 

539 

969333 

83 

59i3o8 

622 

41 

20 

56o855 

539 

969173 

83 

591681 

621 

4o83i9 

40 

21 

9.561178 

538 

9.969134 

83 

9.592054 

621 

10-407946 

It 

22 

56i5oi 

538 

969075 

83 

593436 

620 

407D74 

23 

561824 

537 

96^76 

83 

593799 

620 

407201 

U 

24 

562146 

lU 

83 

593171 

619 

406829 
406458 

25 

562468 

« 

83 

593543 

619 
618 

35 

26 

562790 

536 

83 

593914 

406086 

34 

11 

563II2 

536 

968837 

83 

594285 

618 

40571 5 

33 

563433 

535 

968678 

83 

594656 

618 

405344 

33 

29 

563755 

535 

83 

5^539? 

617 

404973 
404602 

3i 

3o 

564075 

534 

83 

617 

3o 

3i 

9.564396 

534 

9.968638 

83 

9.595768 

617 
616 

10.404232 

It 

32 

564716 

533 

968578 

83 

^  596138 

403862 

33 

565o36 

533 

968538 

83 

505o8 

616 

403492 

ll 

34 

565356 

532 

968479 

83 

596878 

616 

4o3i22 

35 
36 

565676 

532 
53 1 

968429 
968379 

83 
83 

n]lil 

6i5 
6i5 

^  402753 

M    402384 

35 

34 

ll 

53 1 

968339 
968378 

83 

X 

6i5 

40201 5 

33 

566632 

53 1 

83 

614 

401646 

33 

39 

566951 

53o 

968328 

84 

598732 

614 

401278 

31 

40 

567269 

53o 

968173 

84 

599091 

6i3 

400909 

30 

41 

9.567587 

529 

9.968138 

84 

9.599459 

6i3 

10.400541 

\t 

42 

567904 

568222 

l^ 

968078 

84 

^  599827 

6i3 

400173 

43 

968037 

84 

600194 

6oo562 

612 

399806 

\l 

44 

568539 
568856 

528 

967977 

84 

612 

399438 

45 

528 

967937 

84 

600920 
601296 
6oi663 

611 

398704 

i5 

46 

5694^8 

527 

967876 

84 

611 

14 

U 

III 

967836 

84 

611 

398337 

i3 

569804 

967775 

84 

602029 
6o23o5 
602761 

610 

397605 

13 

49 

570120 

536 

967^74 

84 

610 

II 

5o 

570435 

525 

84 

610 

397239 

10 

5i 

9-570751 

525 

9.967634 

84 

9-6o3i27 
603493 
6o3858 

609 

10.396873 

t 

52 

071066 

524 

967573 

84 

609 

396507 

53 

571380 

534 

967533 

85 

d 

396142 

I 

54 

571695 

523 

967471 

85 

604223 

395777 

55 

572000 
572323 
572636 

533 

967431 

85 

604588 

608 

395412 

5 

56 

u 

533 

533 

967370 
967310 
967368 

85 
85 

604953 
6o53i7 

607 
607 

395047 
394683 

4 
3 

572950 

533 

85 

6o5682 

6^ 

394318 

3 

^ 

573263 

531 

967317 

85 

606046 

393954 
393590 

I 

60 

573575 

531 

967166 

85 

606410 

606 

0 

/ 

Cosine. 

D. 

Sine. 

D. 

Cotang. 

D. 

Tang. 

/ 
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p 
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22^ 

) 

• 

1570  1 

1 

Sine. 

D. 

Cosine. 

D. 

Tang. 

D. 

/ 

0 

^573828 
574200 

5a  I 

9.967166 

85 

9*606410 

606 

10.393590 

60 

I 

2 

5ao 

520 

V7115 
967064 

85 
85 

606773 
607137 

606 
6o5 

39286? 

^ 

3 

574512 

5i9 

967013 

85 

607500 

6o5 

392500 

u 

4 

574824 

5i9 

966961 

85 

607863 
606225 
6o8588 

604 

391412 

5 
6 

575i36 

57575? 

5io 
5i8 

Si 

85 
85 

604 
604 

55 
54 

I 

5i8 

85 

608950 
609312 

6o3 

39io5o 

53 

576069 

^7 

^6766 

86 

6o3 

390688 

52 

9 

10 

a 

517 
5i6 

a' 

86 
86 

609674 
6i6o36 

6o3 
602 

390326 
369964 

5i 
5o 

II 

12 

577618 

5i6 
5i6 

9-966602 

•  96^,',';,:. 

86 
86 

9.610397 
6107D9 

602 
^2 

10.389603 

1i 

i3 

5i5 

96  ... 

86 

611120 

6oi 

% 

14 

t?3^^? 

5i5 

96  -i^ 

86 

61 1480 

601 

388520 

i5 

5i4 

96  91 . 

86 

6ii84i 

601 

388i59 

45 

i6 

578545 
578853 

5i4 
5i3 

96-41 
96(329^ 

86 

86 

612201 
61 2561 

600 
600 

^^,% 

44 
43 

579162 

5i3 

96624CT 

86 

61 292 I 

600 

387079 
386^5? 

4a 

•9 

579470 

5i3 

96^nM^ 

86 

618281 

599 

41 

20 

579777 

5l2 

^  ,, 

86 

6i364i 

599 

40 

21 

g.58oo85 

5l2 

9-966085 

87 

9 '614000 

592 

10.386000 

^ 

22 

580392 

5ii 

966033 

87 

614359 
614718 

598 

385641 

23 

580699 
58ioo5 

5ii 

965981 

87 

598 

385282 

U 

24 

5ii 

965928 
965876 

87 

6i5o77 
6i54JD 

597 

384023 
384565 

25 

58i3i2 

5io 

87 

597 

35 

26 

58i6i8 

5io 

965824 

87 

615793 

^^9^ 

384207 

34 

'A 

581924 

509 

965772 

87 

6i6i5i 

383849 

33 

582229 
582535 

509 

965720 

87 

616509 

596 

383491 
3831 33 

32 

29 

•t^ 

965668 

87 

616867 

396 

3i 

3o 

582840 

96561 5 

87 

617224 

595 

382776 

3o 

3i 

9-583145 

5o8  ' 

9-965563 

87 

9.617582 

595 

10.382418 

^ 

32 

583449 

5o7 

965511 

87 

61^295 
618652 

595 

382061 

33 

583754 

507 

965458 

87 

594 

381705 
38i348 

U 

34 

584058 

5o6 

965406 

% 

594 

35 

584361  ^ 

.  5o6 

965353 

619008 

594 

38o6?6 

25 

36 

584665  1 

1  5o6 

965301 

88 

619364 

593 

24 

37 

584968 

5o5 

965248 

88 

619720 

^9? 

380280 

23 

3« 

585272 

5o5 

965195 

88 

620076 
620432 

593 

» 

22 

39 

585574 

5o4 

965143 

88 

592 

21 

40 

585877 

5o4 

965090 

88 

620787 

592 

379213 

20 

41' 

9- 5861-79 
586482 

5o3 

9 -965037 

88 

9.621142 

592 

10.378858 

:? 

42 

5o3 

964984 

88 

621497 
621862 

591 

3785o3 

43 

586783 

5o3 

964631 
964879 
964826 

88 

591 

378148 

u 

44 

587085 

502 

88 

622207 

590 

377793 

45 

587386 

502 

88 

622561 

590 

377430 

i5 

46 

587688 

5oi 

964773 

88 

622915 

5§9 

Vilt 
376377 

14 

% 

587989 

5oi 

964720 

88 

623269 
623623 

i3 

588289 

5oi 

964666 

89 

589 

12 

49 

588590 

5oo 

964613 

89 

623976 
624330 

376024 

II 

5o 

588890 

DOO 

964560 

89 

375670 

10 

5i 

'•5% 

499 

9-964507 

89 

9.624683 

588 

10.375317 

2 

52 

499 

964454 

89 

625o36 

588. 

37«59 

53 
54 

» 

'^ 

964400 
964347 

^9 
89 

625388 
625741 

il? 

I 

55 
56 

590387 
590686 

498 
497 

964294 
964240 

89 
89 

626093 
626445 

^ 

» 

5 
4 

U 

590984 

497 

tf^ 

89 

626797 

586 

\^^V^ 

3 

591282 

497 

89 

627149 

586 

372851 

3 

59 

591580 

496 

964080 

89 

627501 

585 

V^.'^ 

I 

6o 

591878 

496 

964026 

89 

627852 

585 

0 

t 

Cosine. 

D. 

Sine. 

D. 

Cotang. 

D. 

Tang. 

/ 

Hi 

0 
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280 

15GO  1 

/ 

Sine. 

D. 

CoM'ne. 

D. 

Tanif. 

D. 

Cotang. 

/ 

0 

9.591878 

496 

9.964026 

89 

0-627852 
62^203 

585 

10«372i48 

60 

I 

592176 

495 

963972 

89 

585 

37' 797 
37 1  .i46 

^ 

2 

592473 

495 

iF 

89 

628554 

585 

3 

593363 

495 

90 

628905 

584 

371053 

57 

4 

494 

9638n 

90 

629255 

584 

370745 

56 

5 

494 

963757 

90 

629606 

583 

370^94 

55 

6 

I 

593659 
593955 

493 

493 

&t 

90 
90 

629956 
63o3o6 

583 
583 

3700  j:i 

36r/H';; 

54 
53 

594251 

493 

963596 

90 

63o656 

583 

36%5 

36^64.5 

52 

9 

594547 

492 

963542 

90 

63ioo5 

582 

5i 

10 

594842 

492 

963488 

90 

63i355 

582 

5o 

II 

9.595137 

491 

9.963434 

90 

9.631704 

582 

10.368296 

it 

12 

595432 

491 

963370 
9633i5 

90 

632053 

58i 

36]?oJ 

i3 

595727 

491 

90 

632402 

58i 

% 

14 

596021 

490 

963271 

90 

632750 

58i 

i5 

|6 

596315 

490 
489 

963217 
963 i63 

90 
90 

633099 
633447 
633795 

58o 
.580 

45 

44 

\l 

489 

963108 

91 

58o 

366205 

43 

697196 

488 

963o54 

9« 

634143 

579 

365857 

42 

"9 

59?7?3 

962999 
962943 

91 
9> 

634490 
634838 

579 
579 

365510 
365i62 

41 
40 

21 

9.598075 

487 

'•» 

91 

9.635i85 

578 

10.364815 

It 

22 

598368 

487 

91 

635532 

578 

364468 

23 

598660 

iU 

962781 

9< 

635879 

578 

364I2I 

u 

24 

598952 

962J27 

91 

636226 

577 

363774 

25 

599244 

486 

962672 

9» 

636572 

577 

363428 

35 

26 

599536 

485 

962617 

9» 

636910 
63726? 

577 

363o8i 

34 

11 

a 

485 

962562 

9< 

'^l 

362735 
362389 

33 

485 

962508 

91 

637611 

32 

?9 

600409 

484 

962453 

9' 

637956 
638302 

576 

362044 

3i 

3o 

600700 

484 

962398 

92 

576 

361698 

3o 

3i 

9-600900 

484 

9.962343 

92 

9-638647 

575 

io-36i353 

S 

32 

601280 

483 

962288 

92 

638992 

575 

36ioo8 

33 

601570 
601860 

483 

962233 

92 

639337 

575 

36o663 

ll 

34 

482 

962178 

92 

639682 

574 

36o3i8 

35 

602 i5o 

482 

962123 

92 

640027 

574 

359629 

25 

36 

602439 
602728 

482 

962067 

92 

640371 

574 

24 

ll 

481 

•962012 

92 

640716 

573 

359284 

23 

603017 
6o33o5 

481 

961957 

92 

641060 

573 

358940 

22 

39 

481 

961902 
961846 

92 

64i4o4 

573 

358696 

21 

40 

603594 

480 

92 

641747 

5^2 

358253 

20 

41 

42 

9.603882 
604170 
604457 
604745 

480 
479 

961680 

92 
92 

9-642091 
6424J4 

572 

572 

'°t]m 

\t 

43 

479 

92 

642777 

572 

357223 
356880 

\l 

44 

479 
478 

961624 

93 

643120 

571 

45 

6o5o32 

96I51? 

93 

643463 

571 

356537 

i5 

46 

6o53i9 
6o56o6 

47S 

93 

643806 

•571 

356194 
355852 

14 

% 

478 

961458 

93 

644148 

570 

i3 

605892 

477 

961402 

93 

644490 
644832 

570 

355510 

12 

49 

6064?? 

476 

961346 

93 

s; 

355168 

II 

5o 

961290 

93 

645174 

354826 

10 

5i 

9.606751 

476 

9.961235 

93 

9-645516 

569 

10*354484 

t 

52 

607036 

476 

961179 
961123 

93 

645857 

569 

354143 

53 

607322 

475 

93 

646199 

^ 

353801 

I 

54 

607607 

475 

961067 

93 

646540 

353460 

55 

607892 

474 

9610H 

93 

646S81 

568 

353119 

352778 
352438 

5 

56 

608177 
608461 
608745 

474 
474 
473 

s 

93 
93 
94 

647222 
647562 
•647903 
648243 

568 

4 
3 

a 

^ 

609029 
609313 

473 

960786 

94 

^ 

I 

6o 

473 

960730 

94 

648583 

351417 

0 

/ 

Coeine. 

D. 

Sine. 

D. 

Cotang. 

D. 

Tang. 

1 

iia 

0 
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24° 

166<>  1 

/ 

Bine. 

D. 

Conne. 

D. 

Tang. 

D. 

CotMOg. 

/ 

0 

9609313 

473 

960618 

94 

9-648583 

566 

io-35i4i7 

60 

I 

2 

& 

472 
47a 

94 
94 

648923 
649263 

566 
566 

351077 
350737 

U 

3 

610164 

47a 

960561 

94 

649602 

566 

350^90 

57 

4 

610447 

471 

96o5o5 

94 

649942 

565 

35oo58 

56 

5 

610729 

471 

960448 

94 

65o28i 

565 

If^^ 

55 

6 

611012 

470 

& 

94 

65o620 

565 

54 

I 

9 

61 1294 

470 

94 

650959 

564 

349041 

53 

611 576 
6ii858 

z 

960279 
960222 

94 
94 

ti\m 

564 
564 

52 

5i 

10 

612140 

469 

960165 

94 

651974 

563 

348026 

5o 

II 

9-612421 

i^ 

9-96010^ 

95 

9-652312 

563 

10.347688 

1? 

12 

612702 

gt..-2 

95 

652650 

563 

347350 

i3 

612983 

468 

9?.,,./:. 

95 

652988 
653326 

563 

347012 

il 

14 

61 3264 

467 

9^..t^ 

95 

662 

346674 
346337 

i5 

613545 

467 

9f'..'^"j 

95 

653663 

562 

45 

i6 

6i3825 

iU 

Qi\-r-'''''' 

95 

654000 

562 

346000 

44 

\l 

6i4io5 

9'"^V'^ 

95 

654337 

56i 

345663 

43 

614385 

466 

'^l^^ 

95 

654674 

561 

345326 

42 

>9 

614665 

466 

95 

65501I 

56i 

344989 
344652 

% 

20 

614944 

465 

95ij'Jo6 

h 

655348 

56i 

21 

9-615223 

465 

9-959539 

95 

9-655684 

56o 

10.344316 

i? 

22 

6i55o2 

465 

959482 

95 

656020 

56o 

343980 
343644 

23 

615781 

464 

959425 

95 

656356 

56o 

U 

24 

616060 

464 

959368 

95 

656692 

559 

343308 

25 

6i6338 

.  464 

q5q3io 

96 

657028 

559 

342972 
342636 

35 

26 

616616 

463 

959253 

96 

657364 

559 

34 

11 

616894 
617172 
617430 

463 
462 

& 

96 

t^, 

tu 

3423oi 
341966 
34i63i 

33 

32 

29 

462 

959080 

96 

658369 

558 

3i 

3o 

617727 

462 

959023 

96 

658704 

558 

341296 

3o 

3i 

32 

9  618004 
618281 

461 
46i 

9.958965 
958908 
958850 

96 

'W 

558 
557 

10.340061 
340627 

^ 

33 

6i8558 

461 

96 

659708 

557 

340292 

U 

25 

34 
35 

618834 
619110 

460 
460 

m 

t 

660042 

660376 

557 

36 

619386 

460 

96 

660710 

339290 
33§o?7 
338623 

24 

u 

619662 

459 

958619 

96 

661043 

556 

23 

619938 

459 

95856T 

96 

661377 

556 

22 

39 

620213 

45§ 

9585o3 

97 

661710 

555 

338200 
337957 

21 

40 

620488 

958445 

97 

662043 

555 

2C 

41 

9-620763 

458 

9-958387 

97 

9-662376 

555 

10.337624 

\t 

42 

621038 

457 

958329 

97 

662709 

554 

33-7201 

336?25 

43 

62i3i3 

457 

958271 

97 

663042 

554 

\l 

44 

621587 

iU 

958213 

97 

663375 

554 

45 

621861 

958154 

97 

663707 

554 

336293 

i5 

46 

622135 
622409 

i^ 

97 
97 

664039 
664371 

553 
553 

335961 
335629 

14 
i3 

622682 

455 

957979 

97 

664703 

553 

335207 
334965 
334634 

12 

n 

622956 
623229 

455 
455 

It]^ 

97 
97 

665o35 
665366 

553 
552 

II 
10 

5i 

9.623502 

454 

9-957804 

98 

9. 665698 

552 

10.334302 

I 

52 

53 

623774 
624047 

454 
454 

957J46 
957^81 
95*7628 

666029 
666360 

552 
55i 

333?]^ 

54 

624319 

453 

98 

666691 

55i 

333309 

55 

624591 
624863 

453 

957570 

98 

667021 

55i 

332979 

5 

56 

453 

957511 

98 

667352 

55i 

332648 

4 

u 

625i35 

452 

957452 

98 

667682 
66doi3 
668343 

55o 

3323i8 

3 

625406 
62594? 

452 
452 

9573?? 

k 
98 

55o 
55o 

331087 
33i657 

2 

I 

6o 
r 

45i 

957276 

98 

668673 

55o 

33 I 327 

0 

/ 

Codne. 

D. 

Sine. 

D. 

Coiang. 

D. 

Tang. 
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Table  II.   LOGARITHMIC  SINES, 

TANGENTS,  ETC.        48  ] 

25° 

164°  1 

/ 

Sine. 

D. 

Cosine. 

p. 

Tang. 

D. 

Cotang. 

/ 

0 

9-625948 

45i 

9.957276 

98 

9.668673 

55o 

io-33i327 

60 

I 

626219 

45i 

957217 
95715* 

9? 

669002 

549 

^ 

2 

626400 
626760 

45i 

98 

669332 

549 

3 

45o 

957099 

98 

669661 

1% 

33o339 

U 

4 

627030 

45o 

957040 

9? 

670320 

330009 

5 

627300 

45o 

956981 

98 

548 

329680 

55 

6 

627570 

449 

956921 
956862 
9568o3 

99 

670649 

548 

329351 

5^ 

2 

627840 
628109 
628378 

449 
440 
448 

99 
99 

» 

548 
547 

329023 
328694 
328365 

•3 

52 

9 

956744 

99 

671635 

547 

5i 

10 

628647 

448 

99 

671963 

547 

328037 

5o 

II 

9.628916 

457 

9-956625 

99 

9-672291 

547 
546 

'°t?]§? 

1§ 

12 

629185 

447 

956566 

99 

672619 

i3 

629453 

446 

9565o6 

99 

672947 

546 

327053 
326726 
326398 

ii 

14 

629721 

956447 

99 

673274 

546 

i5 

629989 

446 

956387 

99 

673602 

546 

45 

i6 

63oi57 

446 

956327 
95626d 

99 

673929 

545 

326071 

44 

\l 

63o524 

446 

99 

674257 

545 

325743 

43 

630792 
63 1 069 
63i326 

445 

956208 

100 

674584 

545 

325416 

42 

19 

445 

956148 

100 

6749H 

544 

325089 
324763 

41 

20 

445 

956089 

1.00 

675237 

544 

40 

21 

9.63i5o3 

444 

9-956029 

100 

9-675564 

544 

10-324436 

^ 

22 

63 1859 

444 

955969 

100 

675890 

544 

3?lMf> 

23 

24 

632125 
632^92 
632658 

444 
443 

955§4? 

too 
100 

676217 
676543 

543 
543 

323^bJ 
3s34D7 

U 

25 

443 

955789 

100 

676869 

543 

323i3i 

35 

26 

632923 

443 

S 

100 

677194 

543 

33^806 

34 

29 

633189 

442 

100 

677520 

542 

ZiU^o 

33 

633454 
633719 

442 
442 

95554? 

100 
100 

677846 
678171 

542 
542 

3a^i54 
3aiSs9 

32 

3i 

3o 

633984 

441 

955488 

100 

678496 

542 

32i5o4 

3o 

3i 

9-634249 

441 

9-955428 

lOI 

9-678821 

541 

10-321179 
320854 

ll 

32 

634514 

440 

655368 

101 

679146 

541 

33 

634778 

440 

955307 

lOI 

679471 

541 

32052O 
32020D 
319880 

ll 

25 

34 
35 

635042 
6353o6 

440 
439 

955247 
955186 

lOI 
lOI 

tmfo 

541 
540 

36 

635570 
635834 

439 

955126 

lOI 

680444 

540 

319556 

24 

ll 

fst 

955o65 

101 

680768 

540 

319232 
318908 

3 1 8584 

23 

6360O7 
636360 

955oo5 

lOI 

681092 

540 

22 

39 

438 

?5&1 

lOI 

681416 

539 

21 

40 

636623 

438 

lOI 

681740 

539 

318260 

20 

41 

9-636886 

437 

9-954823 

lOI 

9-682063 

539 

'""tXi 

1? 

42 

637148 

437 

954762 

lOI 

682387 

538 

43 
44 

6374II 
637673 
•  637935 
638197- 
63845d 

437 
437 
436 

954701 
954640 

lOI 
lOI 

682710 
683o33 

l& 

\l 

45 

» 

101 

683356 

538 

i5 

46 

436 

102 

683679 

538 

3i632i 

14 

% 

436 

I43S 
9543^5 

102 

684001 

537 

3l53?4 

i3 

638720 

435 

102 

684324 

537 

12 

49 

638981 

435 

102 

684646 

537 

II 

56 

639242 

435 

954274 

102 

684968 

537 

3i5o32 

10 

5i 

9-639503 

434 

9-954213 

102 

9-685290 

536 

10.314710 
314388 

t 

52 

639764 

434 

954152 

102 

685612 

536 

53 

640024 

434 

954090 

102 

685934 

536 

3i4o66 

I 

54 

640284 

433 

& 

102 

686255 

536 

3i3745 

55 

640544 

433 

102 

6868^^ 

535 

3 13423 

5 

56 

640804 

433 

953906 

953845 

102 

535 

3i3io2 

4 

U 

641064 

432 

102 

.  687219 

535 

312781 

3 

641324 

432 

953783 

102 

687540 

535 

312460 

3 

U 

641583 
641843 

432 
43i 

a 

io3 

103 

687861 
688182 

534 
534 

3i2i39 
3ii8id 

0 

/ 

Cosine. 

D. 

Sine. 

D. 

Cotang. 

D. 

Tang. 

/ 
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LOGARITHMIC  SINES,  TANGENTS,  ETC.    Tablb  IL  ] 

16««| 

' 

Sine. 

D. 

Cwine. 

D. 

Tang. 

D. 

Cotang. 

' 

0 

9.641842 

43 1 

9.953660 

]o3 

9-688182 

534 

lo-3n8i8 

60 

I 

2 

642101 
642360 

43 1 
43i 

953475 

io3 
io3 

688502 
688823 

534 
534 

311498 
311177 
3io857 

U 

3 

642618 

43o 

io3 

689143 

533 

57 

4 

642877 

643  lis 

43o 

953413 

lo3 

689463 

533 

3 10537 

56 

5 

43o 

953352 

io3 

689783 

533 

310217 

55 

6 

643393 

643650 
643908 

43o 

953290 

io3 

690103 

533 

309897 

54 

'I 

i^ 

953228 
953166 

io3 
io3 

690423 
690742 

533 
632 

a 

53 

52 

9 

644165 

ill 

953104 

io3 

691062 

532 

308938 

5i 

10 

644423 

953042 

io3 

691381 

532 

308619 

5o 

II 

9.644680 

428 

9. 95;. /-■... 

104 

9-691700 

53i 

io.3o83oo 

it 

12 

644936 

428 

9y-.^- 

104 

692019 
692338 

53 1 

3o7?62 

i3 

645io3 
645450 

427 

95 -J  ^  J  J 

104 

53i 

ii 

14 

427 

9lri0 
952711 

104 

692656 

53i 

307344 

i5 

645706 

427 
426 

104 

692975 

53i 

307025 

306707 
3o6388 

45 

i6 

645962 

957f.i6L^ 

104 

693293 

53o 

44 

'7 

646218 

426 

95jfio6 

104 

693612 

53o 

43 

iS 

646474 

426 

9.V'-, 

104 

693930 

53o 

306070 
305762 

42 

»9 

646729 

425 

91--,^. 

104 

694248 

53o 

41 

20 

646984 

425 

952419 

104 

694566 

529 

3o5434 

40 

21 

9.647240 

425 

9-952356 

104 

9.694883 

529 

io-3o5ii7 

22 
23 

647494 
647749 
648004 

424 
424 

952294 
95223i 

104 
104 

695201 
695518 

III 

304709 
304482 

24 

424 

952168 

io5 

695836 

l^ 

304164 

25 

648258 

424 

952106 

io5 

696153 

3o3847 

35 

26 

648512 

423 

952043 

io5 

696470 
6967^7 
697103 

528 

3o353o 

34 

11 

648766 

423 

951980 

io5 

528 

3o32i3 

33 

649020 

423 

l^lll 

io5 

528 

302897 
3o258o 

32 

V^ 

649274 

422 

io5 

697420 

527 

3i 

3o 

649527 

422 

951791 

io5 

697736 

527 

302264 

3o 

3i 

32 

33 

9-649781 
656o34 
650287 

422 
422 
421 

951602 

io5 
io5 
io5 

9.698053 
698369 
698685 

527 

10.301947 
3oi63i 
3oi3i5 

34 

65o539 

421 

951 53o 
951470 

io5 

699001 

526 

&4 

35 

650792 

421 

io5 

699316 

526 

25 

36 

651044 

420 

951412 

ro5 

699632 

626 

3oo368 

24 

ll 

65 1297 
651549 

420 
420 

951349 
951286 

106 
106 

700263 

526 
525 

3ooo53 
299737 

23 
22 

39 

65 1800 

419 

951222 

106 

700578 

525 

299422 

21 

40 

652052 

419 

951159 

106 

700893 

525 

299107 

30 

41 

9 -652304 
652555 

^12 

9-951096 
95io32 

106 
106 

9.701208 
701523 

524 
524 

10-298792 

l$m 

\t 

43 

6528o6 

418 

950968 

106 

701837 

524 

ll 

i5 

44 
45 

653o57 
6533o8 

418 
418 

950905 
950841 

106 
106 

702152 
702466 

524 
524 

297848 
297534  ' 

46 

653558 

417 

950778 

106 

702781 

523 

296591 

14 

S 

6538o8 
654059 

417 
^12 

9506 5o 

106 
106 

703095 
703409 

523 
523 

i3 
12 

49 

654309 
654558 

95o586 

106 

703722 

523 

296278 
295964 

II 

5o 

416 

95o522 

107 

704036 

522 

10 

5i 

9-654808 

416 

9-950458 

107 

9.704350 

522 

10-295650 

t 

52 

655o58 

416 

95o3o4 
95o33o 

107 

704663 

522 

295337 

53 

655307 
655556 

4i5 

107 

704976 

522 

295024 

I 

54 

4i5 

950266 

107 

705290 

522 

294710 

55 
56 

6558o5 
656o54 

4i5 
414 

950202 
95oi38 

107 
107 

7o56o3 
705916 

521 
521 

294307 
294084 

5 

u 

656302 

414 

950074 

107 

706228 

521 

293772 
293450 
293146 

656551 

414 

950010 

107 

706541 

521 

2? 

656799 

4i3 

« 

107 

706854 

521 

6o 

657047 

4i3 

107 

707166 

520 

292834 

r 

Couno. 

D. 

Bine. 

D. 

Ck>tuig. 

D. 

Tang. 

/ 
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Table  II.   LOGARITHMIO  SINES, 

TANGENTS,  ETC.        45  | 

27° 

152°  1 

/ 

Siue. 

D. 

Cosine. 

D. 

Tang. 

D. 

Cotang. 

f 

0 

'•a 

4i3 

9.949881 

107 

9.707166 

520 

10-292834 

"6^ 

I 

4i3 

949816 

107 

707478 

520 

292522 

U 

3 

657542 

412 

949752 

949688 

.  949623 

108 

707790 
706102 

708414 

520 

292210 

3 
4 

tuir, 

412 
412 

520 

5i9 

291898 
291586 

% 

5 

658284 

412 

*  949558 

108 

708726 

519 

291274 

55 

6 

658531 

411 

949494 

108 

709037 

519 

290963 
29065 I 

54 

I 

658778 

411 

949429 

108 

709349 

5.9 

53 

659025 

411 

949364 

108 

709660 

5io 
5i8 

290340 

52 

9 

659271 

410 

949300 

108 

709971 
710282 

200029 
289718 

5i 

10 

659517 

410 

949235 

108 

5i8 

5o 

II 

9-659763 

410 

9-949170 

108 

9.710593 

5i8 

10.289407 

28ciOijO 

% 

12 

660009 

409 

949105 

108 

710904 

5i8 

i3 

66025D 

409 

949':'4Q 

108 

711215 

5i8 

28—"> 

% 

14 

66o5oi 

409 

94^^975 

108 

7ii525 

5i7 

28-;-v 

i5 

660746 

n 

94f?9io 
94BS45 

108 

711836 

5i7 

.28  I-. 

45 

i6 

661236 

108 

712146 

^7 

28- ^■•, 

44 

\l 

408 

948780 

109 

712456 

517 

5i6 

28^  -. . . 

43 

661481 

408 

94-^13 

109 

712766 

28-;  n 

42 

'9 

661726 

407 

94''  '■■' 

109 

713076 
713386 

5i6 

28-.;:. 

41 

20 

661970 

407 

9A--'^''-i 

109 

5i6 

28'.'  !. 

40 

21 

9*662214 

407 

9.948519 

109 

9.713696 

5i6 

10.286304 

^ 

32 

662459 
662703 

iV, 

948454 

109 

714005 

5i6 

285995 
285686 

23 

948388 

109 

714314 

5i5 

u 

24 

662946 

406 

948323 

109 

714624 

5i5 

285376 

35 

663190 
663433 

406 

948257 

109 

714933 

5i5 

285067 
284758 

35 

36 

4o5 

948192 

109 

715242 

5i5 

34 

11 

663677 

4o5 

948126 

109 

7i555i 

5i4 

284449 

33 

668920 

4o5 

948060 

109 

7i586o 

5i4 

284140 

32 

39 

664163 

4o5 

947995 

110 

716168 

5i4 

283832 

3i 

36 

664406 

404 

947929 

no 

716477 

5i4 

283523 

3o 

3i 

9.664648 

404 

9.947863 

no 

9.716785 

5i4 

10.283215 

32 

33 

664891 
6651 33 

404 
4o3 

947797 
947665 

no 
no 

717093 
717401 

5i3 
5i3 

282907 
282399 

34 

665375 

4o3 

no 

717709 
71S017 
718325 

5i3 

282291 
281983 
281675 

35 

665617 

4o3 

947600 

no 

5i3 

25 

36 

665859 

402 

947533 

no 

5i3 

24 

U 

666100 

402 

947467 

no 

718633 

5l2 

281367 

23 

666342 

402 

947401 

no 

718940 

5l2 

281060 

22 

39 

666583 

402 

947335 

no 

719248 

5l3 

280752 

21 

46 

666824 

401 

947269 

no 

7.9555 

5l2 

280445 

20 

41 

9.667065 

401 

Q. 947203 

no  • 

9.719862 

5l2 

io.28oi38 

\t 

42 

667305 

401 

947136 

III 

720160 
720476 
720783 

5ii 

279831- 

43 

667546 

401 

947070 

in 

5ii 

279324 

\l 

44 

667786 
668027 

400 

947004 

III 

5ii 

279217 
278^^4 

45 

400 

946037 

in 

]V,^^ 

5n 

i5 

46 

668267 
6685o6 

400 

946871 

III 

5ii 

14 

49 

399 

946804 

III 

721702 

5io 

278298 

i3 

668746 
668986 

399 
399 

946738 
946671 

in 
III 

722315 

5io 
5io 

277685 

12 
11 

56 

669225 

399 

946604 

in 

722621 

5io 

277379 

10 

5i 

9.669464 

398 

9-946538 

III 

9.722927 

5io 

10.277073 

i 

52 

66^703 

398 

946471 

III 

723232 

509 

276708 

53 

669942 

398 

946404 

in 

723538 

509 

276462 

I 

54 

670181 

397 

946337 

ni 

723844  • 

509 

276156 

55 

670419 
670658 

397 

946270 

112 

724149 

509 

275851 

5 

56 

397 

946203 

112 

724454 

5o8 

275546 

4 

u- 

670896 
671 i34 

III 

9461 36 
946069 

112 
112 

724760 
725o65 

275240 
274933 
274630 

3 
2 

59 

671372  , 

3?6 

946002 

113 

725370 

5o8 

I 

60 

671669 

396 

945935 

112 

725674 

5o8 

274336 

0 

/ 

Cosine. 

D. 

Sine. 

D. 

Cotang. 

D. 

Tang. 

/ 

ir 

f^ 
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LOGARITHMIC  SINES, 

TANGENTS,  ETC.    Table  IL  | 

28« 

161«  1 

/ 

Bioe. 

D. 

CMine. 

D. 

Tang. 

D. 

Cbtaog. 

/ 

0 

I 

9.671609 
671847 

396 
3^5 

'•»' 

113 
113 

9.735674 

5o8 
5o8 

10-374336 
374031 

60 

u 

3 

673084 

395 

945300 

113 

507 

373716 

3 
4 

673331 
673558 

395 
395 

rMl 

113 
113 

726588 
736893 

507 
507 

373413 
373108 

ti 

5 
6 

t!,llt 

394 
394 

& 

113 
113 

73719^ 
727501 

^7 
5o2 

373803 

272499 
272195 

55 
54 

2 

673368 

394 

9454*^4 

Il3 

721805 
738109 

53 

673505 

394 

945396 

Il3 

5o6 

27l5?8 

53 

9 

673741 

393 

945333 

Il3 

738413 

5o6 

5i 

10 

673977 

393 

94S36I 

Il3 

738716 

5o6 

271284 

5o 

II 

13 

9.674313 
674448 

393 
393 

9.945193 
945125 

Il3 

ii3 

9.739030 
729333 

5o6 
5o5 

10.370080 
370677 

S 

i3 

674684 

393 

945o58 

ii3 

729636 

5o5 

370374 

U 

14 

» 

393 

944990 

Ii3 

]ltilt 

5o5 

s 

i5 

393 

944933 
944854 

ii3 

5o5 

45 

i6 

675I9O 

391 

ii3 

73o535 

5o5 

44 

\l 

i'^^aV^ 

391 

944786 

ii3 

73o838 

5o4 

369163 

268859 

368556 

43 

675859 

391 

944718 
944650 

ii3 

731141 

5o4 

43 

>9 

676094 

391 

ii3 

731444 

5o4 

41 

30 

676338 

390 

944583 

114 

731746 

5o4 

368354 

40 

31 

9-676563 

390 

9.944514 

114 

9.733048 

5o4 

10.367053 
367649 

^ 

33 

676706 

390 

944446 

114 

733351 

5o3 

33 

6770^0 

390 

944377 

114 

733653 

5o3 

367045 
366743 
366443 

u 

34 

677364 

944309 

114 

732955 

5o3 

35 
36 

»  . 

389 
38^ 

944341 
944172 

114 
114 

]lllU 

5o3 
5o3 

35 
34 

U 

671964 

944104 

114 

733860 

503 

366140 

33 

388 

944036 

114 

734163 

503 

365838 

33 

39 

388 

943?99 

114 

734463 

5o3 

365537 
365236 

3i 

3o 

678663 

388 

114 

734764 

503 

3o 

3i 

9.678895 

It^ 

9.943830 

114 

9.735066 

503 

10.264934 
264633 
264332 

33 

33 

679138 
679360 

387 
387 

» 

114 
Ii5 

» 

503 

5oi 

34 

679592 

38^ 

943624 

ii5 

735969 

5oi 

26403 I 

35 

xu 

943555 

ii5 

736369 

5oi 

263731 

35 

36 

386 

943486 

ii5 

736570 

5oi 

263430 

34 

U 

680388 

386 

943417 
943348 

ii5 

736870 

5oi 

263 i3o 

33 

68o5i9 

385 

ii5 

737171 

5oo 

262829 

33 

39 

680750 

385 

943279 

ii5 

737471 

5oo 

262529 

31 

40 

680983 

385 

943210 

ii5 

737771 

5oo 

362229 

30 

41 

9.681313 

385 

9.943141 

ii5 

9.738071 

5oo 

10.261029 
261629 

\t 

43 

.  681443 

384 

94*^0-7 

ii5 

738371 

5oo 

43 

681674 

384 

9^.1oH:i.t 

ii5 

738671 

499 

361339 

',1 

44 

681905 

384 

942034 
942664 

ii5 

738971 

499 

361039 

45 

682135 

384 

ii5 

739371 

499 

260729 

i5 

46 

682365 

383 

9427h^.5 

116 

739570 

499 

360430 

14 

% 

682595 

383 

git'il-^fy 

116 

739870 
740169 
740468 

499 

360 I 3o 

i3 

682825 

383 

9^'-ff|Vj 

116 

4^^ 

359831 

13 

49 

683o55 

383 

94JJa7 

116 

359533 

II 

5o 

683384 

382 

943517 

116 

740767 

4^ 

359233 

10 

5i 

9.683514 

383 

9.943448 

116 

9.741066 

498 

10.358934 
358635 

2 

53 

683743 

383 

943378 

116 

741365 

498 

53 

683973 

383 

942308 

116 

741664 

4?8 

358336 

I 

54 

684301 

38i 

943239 

116 

741963 

497 

258o38 

55 

684430 

38i 

942169 

116 

743261 

497 

357739 

5 

56 

684658 

38i 

943099 

116 

743559 
743858 

497 

357441 

5^ 

684887 
685ii5 

38o 

942039 

116 

497 

357143 

38o 

'A 

116 

743156 

497 

356844 

59 

685343 

38o 

«»7 

743454 

iU 

356546 

60 

685571 

38o 

941819 

ii7 

743753 

•   356348 

' 

Coiine. 

D. 

Bine. 

D. 

Coung. 

D. 

Tang. 

1 

\m 

|0 

ei<>I 

Table  II.   LOGARITHMIC  SINES, 

TANGENTS,  ETC.       47  | 

29° 

160^1 

/ 

Slae. 

D. 

G<»!n«. 

D. 

Tang. 

D. 

Cotang. 

/ 

0 

9.685571 

38o 

9.941819 

117 

9-743752 

496 

10.256248 

17 

I 

685799 

379 

941749 
941679 

in 

744o5o 

496 

255950 
355652 

^ 

3 

686027 

379 

"7 

744348 

496 

3 

686254 

379 

941609 

117 

744645 

496 

255355 

^ 

4 

686482 

m 
378 

941539 

«I7 

744943 

496 

255057 

5 
6 

686709 
686936 

& 

"7 
117 

745340 
745538 

496 
495 

254760 
254462 

55 
54 

I 

687163 

378 

^i328 

"7 

745835 

495 

254165 

53 

687389 
687616 

378 

941258 

1*7 

7461 32 

495 

253868 

52 

9 

377 

941187 

117 

746429 
746726 

495 

253571 

5i 

10 

687843 

377 

941H7 

"7 

495 

253274 

5o 

II 

9.688069 
688295 

377 

9.941046 

118 

.  9-747023 

494 

'"■llltl] 

^ 

12 

l]l 

940975 

118 

747310 
747616 

494 

i3 

688521 

940005 
940834 

118 

494 

252384 

ii 

14 

688747 

376 

118 

747913 
7485^ 

494 

252087 

i5 

688972 

376 

940763 
940693 

118 

494 

251791 

45 

i6 

689198 

I''* 

118 

493 

251495 

44 

\l 

689423 

375 

940622 

118 

748801 

493 

251190 

43 

689648 

375 

94o55i 

118 

?Si 

493 

250903 

42 

19 

689873 

\^i 

940480 

118 

493 

250007 

41 

20 

690098 

375 

940409 

118 

493 

25o3ii 

40 

21 

9.690323 

374 

9.940338 

118 

9.749985 

493 

io.25ooi5 

^ 

22 

690548 

374 

940267 
940196 

118 

750281 

492 

249719 

23 

690772 

374 

118 

750576 

492 

249424 

35 

24 
25 

690996 
691220 

374 
373 

940125 
940054 

119 
119 

]t^^ 

492 
492 

249128 
248833 

26 

691444 

373 

939982 

119 

751462 

492 

248538 

34 

U 

691668 

373 

93^40 

119 

751757 

492 

248243 

33 

691892 

373 

119 

752o52 

491 

247948 
247653 

32 

29 

692115 

37a 

939768 
939697 

119 

752347 

491 

3i 

36 

692339 

37J 

119 

752642 

491 

247358 

3o 

3i 

9-692562 

372 

9.939625 

119 

9.752937 

491 

10.247063 
246769 

ll 

32 

692785 

371 

939554 

119 

753231 

491 

33 

693008 

371 

<)H'>^2 

119 

753526 

491 

246474 
246180 

ll 

34 

693231 

371 

g-1-  ,ii 0 

119 

753820 

490 

35 

693453 

371 

9.^.^  i^.y 

119 

754ii5 

490 

245885 

25 

36 

693676 
693898 
694120 

370 

370 
370 

9.^,iij'^ 

9.1^,  1  >  i 

120 
120 
120 

75470? 
754997 

490 
490 
490 

245591 
245297 
245oo3 

24 
23 
22 

39 
40 

694342 
694564 

1? 

9iK,,:.0 

120 
120 

7555^5 

X 

244709 
24441 5 

31 

20 

41 

9.694786 

?f9 

't^. 

120 

9.755878 

489 

IO'244l22 

\t 

42 

695007 

369 

120 

756^^5 
756759 

489 

343828 

43 
44 

695229 
695450 

^ 

938763 
938691 

120 
120 

in 

243535 
243241 

\l 

45 

695671 

368 

938619 

120 

757052 

i^ 

zni 

i5 

46 

695892 

368 

938547 
93847* 

130 

757345 

14 

49 

696113 

368 

120 

757638 

488 

242362 

i3 

696334 
696554 

367 
367 

938402 
938330 

121 
121 

'Xl 

488 
488 

242069 
241776 
241483 

12 
II 

5o 

696775 

367 

938258 

121 

758517 

488 

10 

5i 

9.696995 

lU 

9.938185 

121 

9.758810 

488 

I0.24II90 

t 

52 

697215 

9331 i3 

121 

759102 

487- 

240898 

53 

697435 

366 

93Soio 

121 

« 

487 

24o6o5 

I 

h 

697654 

366 

9;  7,/,  7 

121 

487 

24o3i3 

55 

697874 
698094 

366 

937^-n 

121 

759979 

487 

240021 

5 

56 

365 

g.h '•:'■-'■  f 

121 

760272 

487 

239728 

4 

u 

698313 

365 

9'7ri':j 

121 

76o564 

48^ 

239436 

3 

698532 

365 

9J-;b7{j 

121 

760856 

239144 
238852 

2 

59 

698751 

365 

937604 

121 

761148 

486 

I 

60 

698970 

364 

937531 

121 

761439 

486 

238561 

0 

/ 

Cosine. 

D. 

Bine. 

D. 

Cotang. 

"dT" 

Tang. 

/ 

118 

0 

60«»  1 

48 

LOGARITHMIC  SINES,  TANGENTS*.  ETC 

5.   Table  H.  1 

1o^ 

149°  1 

/ 

Sine. 

D. 

Coaine. 

D. 

Tang. 

D.  1 

CoUng. 

/ 

0 

9.698970 
699189 

364 

9.937531 

121 

9.761439 

486 

10.238561 

60 

I 

364 

937458 

122 

761731 

486 

238269 

^ 

2 

699407 
699626 

364 

937385 

122 

762023 

486 

a 

3 

364 

?3-'>T- 

122 

762314 

486 

U 

4- 

699844 

363 

93-  -. 

122 

762606 

485 

237394 

5 

700062 

363 

93, '  . 

122 

Tc^% 

485 

237103 
236812 

55 

6 

700280 

363 

9^'  ,2 

122 

485 

54 

I 

700498 

363 

^93?;;^ 
93^^- 

122 

763479 

485 

236521 

53 

700716 

363 

122 

763770 

485 

236230 

53 

9 

700933 

362 

122 

764061 

485 

23564? 

5i 

10 

7oii5i 

362 

93-  -'!! 

122 

764352 

484 

5o 

II 

9-701368 

362 

'ttlf^ 

122 

9.764643 

484 

10.235357 

% 

13 

701585 

362 

123 

764933 

484 

235067 
234776 
2344B6 

i3 

701802 

36i 

936578 

123 

765224 

484 

% 

14 

702019 
702236 

36i 

9365o5 

123 

765514 

484 

i5 

36i 

936431 

123 

7658o5 

484 

234195 

45 

i6 

702452 

36 1 

936357 

123 

7663?5 

484 

233005 
2336i5 

44 

\l 

702669 
702885 

36o 

936284 

123 

483 

43 

36o 

936210 

123 

» 

483 

233325 

42 

19 

7o3ioi 

360 

9361 36 

123 

483 

233o35 

41 

20 

703317 

36o 

936062 

123 

767255 

483 

232745 

40 

21 

9.703533 

359 

9-935988 

123 

9-767545 

483 

10.232455 

U 

22 

703749 

359 

935014 
935840 

123 

767834 
768124 

483 

232166 

23 

703964 

359 

123 

482 

231876 
23 1 586 

U 

24 

704170 
704395 

359 

935766 
935692 

124 

768414 

.  482 

25 

35? 

124 

768703 

482 

ii\m 

35 

26 

704610 

935618 

124 

769281 

482 

34 

11 

29 

704B25 

358 

935543 

124 

482 

230719 

33 

7o5o<o 
705234 

358 
358 

935469 
935395 

124 
124 

« 

482 
48 1 

230429 

23oi4o 

32 

3i 

3o 

705469 

357 

935320  • 

124 

770148 

481 

229852 

3o 

3i 

32 

0-705683 
705898 

357 

9.935246 
935171 

124 
124 

9.770437 
770726 

481 
481 

10.229563 

220274 
228085 
228697 
228408 

^ 

33 
34 

706112 
706326 

35 
35Z 

935097 
935022 

124 
124 

771015 
77i3o3 

481 
481 

ll 

35 

706539 
706753 

356 

934948 
934873 

124 

77i5o2 
771880 

481 

25 

36 

356 

124 

480 

228120 

24 

ll 

70^)967 

356 

934798 

125 

772168 

480 

227832 

23 

707180 

355 

934723 
934649 

125 

772457 
772745 

480 

227543 

22 

39 

707393 

355 

125 

480 

227255 

21 

40 

707606 

350 

934574 

125 

773o33 

480 

226967 

20 

41 

9.707819 
708032 

355 

9-934499 

125 

9.773321 

480 

10.226679 

11 

42 

354 

934424 

125 

773608 

479 

226392 

43 

70S245 

354 

934349 

125 

773896 
774184 

479 

226104 

17 

44 

708458 

354 

934274 

125 

479 

2258i6 

16 

45 

708670 
708882 

354 

934190 
9?4i23 

125 

774471 
774759 
775046 

479 

225529 

i5 

46 

353 

125 

479 

225241 

14 

12 

709044 

353 

934048 

125 

479 

224954 
224067 

i3 

709306 

353 

933973 

125 

775333 

479 
478 

12 

49 

709518 

353 

933898 

126 

775621 

224379 

II 

5o 

709730 

353 

933822 

126 

775908 

478 

224092 

10 

5i 

9.709941 

352 

9-933147 

126 

9-776195 
776482 

478 

io*2238o5 

1 

52 

710153 

352 

933671 

126 

478 

2235i8 

53 

710364 

352 

933596 

126 

776768 

478 

223232 

I 

54 

710766 

352 

933520 

126 

777055 

478 

222945 

222658 

55 

35i 

933445 

126 

777342 

478 

5 

56 

710997 
711208 

35i 

933360 
933293 

126 

777628 

477 

222372 
222085 

ll 

35i 

126 

77791 5 
778201 

477 

711419 

35i 

933217 

126 

477 

221799 

22l5l2 

59 

711629 

35o 

933i4i 

126 

778488 

477 

60 

711839 

35o 

933066 

126 

778774 

477 

221226 

/ 

Cotine. 

D. 

Sine. 

D. 

Cotang. 

D. 

Tang. 

~ 

T2( 

)0 

5»»| 

Ta^ LE  IL    LOGARITHMIC  SINES, 

TANGENTS,  ETC. 

^ 

ai« 

» 

UB<>   1 

/ 

Sine. 

D. 

Corine. 

D. 

Tang. 

D. 

Cotang. 

/ 

0 

9.7I1839 

35o 

9-933066 

126 

9-778774 
779060 

477 

10-221226 

60 

I 

7i2o5o 

35o 

932990 

127 

477 
476 

220940 
220654 

U 

3 

712260 

35o 

93^8 

127 

779346 

3 

712469 

349 

127 

779632 

476 

220368 

57 

4 
5 

712619 
712880 
713098 

349 
349 

932762 
932685 

127 
127 

]m'ol 

476 
476 

220082 

219797 
219511 

56 
55 

6 

S49 

^32609 
932533 
932457 

127 

781060 

476 

54 

I 

•  7i33o8 

349 
348 

127 
127 

476 
476 

210225 
218040 

53 

52 

9 

348 

932380 

127 

781346 

475 

218654 

5i 

lO 

713935 

348 

932304 

127 

781631 

475 

218369 

5o 

II 

9-7UI44 

348 

9.93**38 

127 

9.781916 

475 

10-218084 

ii 

12 

714352 

347 

932i5i 

\ll 

782201 

475 

217799 
217514 

i3 

714561 

347 

932075 

782486 

475 

ii 

U 

7i476g 

347 

931998 

128 

]^m 

475 

217229 
216944 
216659 

i5 

347 

931921 
931845 

128 

475 

45 

i6 

347 
346 

128 

783341 

.  475 

44 

\l 

715394 

9317^3 

128 

783626 

474 

216374 

43 

7i56o2 

346 

9^iL^i 

128 

783910 

474 

216090 

42 

19 

715809 

346 

93I6I4 

128 

784195 

474 

2i58o5 

41 

20 

716017 

346 

931537 

128 

784479 

474 

2l552I 

40 

21 

9.716224 

345 

9.931460 

128 

9-784764 

474 

io-2i5236 

li 

22 

716432 

345 

93 1 383 

128 

785048 

474 

214952 

23 

716639 
716846 

345 

93i3o6 

128 

785332 

473 

214668 

U 

24 

345 

931229 

129 

785616 

473 

214384 

25 

717053 

345 

931 l52 

129 

785900 

473 

214100 

35 

26 

717466 

344 

931075 

129- 

786184 

473 

2i38i6 

34 

11 

344 

930998 

129 

786468 

473 

213532 

33 

717673 

344 

93X3 

129 

786752 

473 

213248 

32 

29 

l,\m 

344 

129 

787036 

473 

212964 
212681 

3i 

3o 

343 

930766 

129 

787319 

472 

3o 

3i 

9.718291 

343 

9.930688 

129 

9.78-/..V} 

472 

10-212397 

11 
11 

32 

33 

]fsn 

343 
343 

9306II 

93o533 

129 
129 

787^<^o 
78^]-. J 

472 
472 

212114 
2ii83o 

34 

718909 

343 

930456 

129 

nS^y/'l 

472 

2II547 

35 

7I91I4 

342 

930378 

129 

78s- 3r, 

472 

211264 

25 

36 

719320 

342 

93o3oo 

i3o 

78rj'.i|ii 

472 

210981 
210698 

24 

11 

719525 

342 

930223 

i3o 

78g  ii>2 

471 

23 

719730 

342 

930145 

i3o 

78g^>H> 

471 

210415 

22 

39 

719935 

341 

930067 

i3o 

'jS-i'^^H 

471 

210132 

21 

40 

720140 

341 

929989 

i3o 

79u]ji 

471 

209849 

20 

4i 

9-720345 

341 

"•» 

i3o 

9.790434 

471 

10-209566 

\t 

42 

720549 

341 

i3o 

790716 

471 

209284 

43 
44 

720754 
720958 

340 
340 

929755 
929677 

i3o 
i3o 

790909 
791281 

471 
471 

200001 
208719 

\l 

45 

721162 

340 

929599 

i3o 

791563 

470 

208437 

i5 

46 

721366 

340 

929521 

i3o 

791846 

470 

208154 

14 

ii 

721570 

340 

929442 

i3o 

792128 

470 

207872 

i3 

721774 

339 

929364 

i3i 

792410 

470 

207590 

12, 

49 

721978 
722181 

?^9 

929286 

i3i 

79^692 

470 

207308 

iT 

5o 

339 

929207 

i3i 

792974 

470 

207026 

10 

5i 

9-722385 

339 

9.929129 

i3i 

<)'J,1r:i\ 

z 

10-206744 

I 

52 

722588 

339 

338 

928072 

i3i 

79.v>.iy 

S06462 

53 

722791 

i3i 

79J3J9 

469 

306181 

I 

f4- 

722994 

338 

i3i 

,79^101 

469 

305899 

55 

723197 

338 

928815 

i3i 

-  n^m 

469 

3o56i7 
305336 

5 

56 

723400 

338 

928736 
928657 
928578 

i3i 

•  7'j,^.^i 

469 

4 

U 

7236o3 

337 

i3i 

•  7-.^o.i6 

46^ 

3o5o54 

3 

7238o5 

337 

i3i 

]& 

i^ 

304773 

3 

59 

724007 

337 

928499 

i3i 

304492 

I 

6o 

724210 

337 

928420 

i3i 

795789 

468 

3043 I I 

0 

/ 

Cosine. 

D. 

Sine. 

D. 

Cotang. 

D. 

Tang. 

1 

121 

^ 

68°  1 

60 
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J.   Table  H. 

82° 

i 

1470 

/ 

Bine.- 

• 

D. 

Codne. 

D. 

Tanf. 

D. 

Cotang. 

1 
60 

0 

9'7242io 

337 

9.928420 

i3s 

9.795789 

468 

I0.2042II 

1 

724412 

fi 

928342 

l32 

79607c 

468 

203930 
2o3649 
203368 

i? 

2 

724614 

928263 

l32 

7963il 

468 

3 

724»i6 

336 

928183 

l32 

796632 

468 

i2 

4 

725017 

336 

928104 

l32 

796913 

468 

203087 
202806 

5 

725219 

336 

928025 

l32 

797194 

468 

55 

6 

725420 

335 

927946 
927867 

l32 

797474 
797755 

468 

202526 

54 

I 

725622 

335 

l32 

468 

202245  • 

53 

725823 

335 

927787 
927708 
927629 

l32 

798036 

467 

201964 
201684 

52 

9 

726024 

335 

l32 

798316 

467 

5i 

10 

726225 

335 

1 32 

798596 

467 

201404 

5o 

11 

9-726426 

334 

9-927549 

l33 

9-798877 
799167 

467 

I0'201I23 

% 

12 

726626 

334 

927470 

i33 

467 

200843 

i3 

726827 

334 

927390 

i33 

799437 

467 

20O563 

% 

i4 

727022 
727228 

334 

927310 

i33 

799717 

467 
466 

200283 

i5 

334 

927231 

i33 

799997 
800277 
800557 
8oo836 

3oooo3 

45 

i6 

727428 

333 

927151 

i33 

466 

199723 

44 

12 

727628 

333 

927071 
926991 

i33 

466 

199443 

43 

727828 
728027 

333 

i33 

466 

190164 

198884 

42 

>9 

333 

926911 
926831 

i33 

801 116 

466 

41 

20 

728227 

333 

1 33 

801396 

466 

198604 

40 

21 

22 

9-728427 
728626 

332 
332 

9-926751 
926671 

i33 
i33 

9-801675 
801955 

466 
466 

10-198325 

198045 

^ 

23 

728825 

332 

926591 

i33 

802234 

465 

197766 

12 

24 

729024 

332 

9265 II 

i34 

8o25i3 

465 

197481 

197208 

25 

729223 

33 1 

926431 

i34 

802792 

465 

35 

26 

729422 

33i 

926351 

1 34 

803072 
80335 I 

465 

196928 

34 

1? 

729621 

33i 

926270 

i34 

465 

196649 

33 

729820 

33i 

926190 

i34 

8o363o 

465 

19^370 

32 

29 

730018 

33o 

926110 

i34 

803909 

465 

1 9609 1 

3i 

3o 

730217 

33o 

926029 

i34 

804187 

465 

195813 

3o 

3i 

9-73o4i5 

33o 

'X^ 

1 34 

9-804466 

464 

10.195534 

'^ 

32 

73o6i3 

33o 

1 34 

804745 

464 

195255 

33 

73o8n 

33o 

925788 

i34 

8o5o23 

464 

194977 
194698 
194420 

11 

25 

34 
35 

'^n 

329 
329 

VM 

134 
i34 

8o53o2 
8o558o 

464 
464 

36 

731404 

329 

925545 

i35 

8o5859 

464 

I9i«4i 

24 

IS 

731602 

329 

925465 

i35 

806137 
806415 

464 

193863 

23 

'& 

329 
328 

925384 

i35 

463 

1^3585 

22 

39 

9253o3 

i35 

806693 

463 

193307 

21 

40 

732193 

328 

925222 

i35 

806971 

463 

193029 

20 

41 

9-73^390 

7335^7 

328 

9-925141 

i35 

9-807249 

463 

10-192751  . 

\t 

42 

328 

925060 

i35 

807527 
807806 
808083 

463 

192473 

43 

733784 

328 

924079 
924897 
924816 
924735 
924654 

i35 

463 

192195 

17 

44 

733980 

327 

i35 

463 

191017 
19 1639 
191362 

16 

45 
46 

73J177 
7335L 

327 

i35 
i36 

8o836i 
8o8638 

463 
462 

14 

S 

327 

i36 

808916 

462 

191084 

|3 

7337fj5 

3^ 

924572 

1 36 

809193 

462 

190807 

12 

49 

733961 

924491 

i36 

809471 

462 

190529 

II 

5o 

734157 

326 

924409 

i36 

809748 

462 

190252 

10 

5i 

9.734353 

326 

9-924328 

i36 

9-810025 

462 

"•» 

1 

52 

734549 

326 

924246 

i36 

8io3o2 

462 

53 

734744 

325 

92?T<^.^ 

i36 

8io58o 

462 

189420 

.1 

54 

'^fM 

325 

92. -- 

1 36 

810857 

462 

55 

325 

92>X.f 

|36 

8iii34 

461 

i8gM3 

5' 

56 

735330 

325 

92'')l  , 

1 36 

811410 

461 

I88590 

4 

5-7 

735525 

325 

92  •.-:.h 

i36 

811687 

461 

l883i3 

3 

58 

735719 

324 

92;'V, 

i37 

811964 

461 

i88o36 

3 

59 

735914 

324 

92 -^'-.^ 

137 

812241 

461 

187483 

I 

6o 

736109 

324 

92   .: 

137 

812517 

461 

0 

/ 

Cosine. 

D. 

Sine. 

D. 

Cotang. 

D. 

Tang. 

/ 
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146°  1 

/ 

Sine. 

D. 

Cosine. 

D. 

Tang. 

D. 

Cotnng.   1  /  1 

0 

'■& 

324 

9*923591 

137 

9-8i25i7 

461 

10-187483 

60 

I 

324 

923509 

137 

812794 

461 

187206 

^ 

2 

736498 

324 

92334? 

137 

813070 

461 

186930 
186653 

3 

ffl 

323 

137 

813347 
81 3623 

460 

57 

4 

323 

923263 

i37 

460 

186377 

56 

5 

737080 

323 

923i8i 

137 

813899 

460 

186101 

55 

6 

737274 

323 

923098 

i37 

814176 
814452 

460 

185824 

54 

n 

737467 

323 

923016 

137 

460 

185548 

53 

i 

737661 

322 

922933 
922851 

137 

814728 

460 

185272 

52 

9 

73^048 

322 

\ll 

8i5oo4 

460 

184996 

5i 

10 

322 

922768 

81 5280 

460 

184720 

5o 

II 

9-738241 

322 

9-922686 

i38 

9.815555 

459 

10.184445 

it 

12 

738434 

322 

922603 

i38 

8i583i 

459 

184169 
183893 

i3 

738627 

321 

922520 

1 38 

816107 

459 

ii 

14 

738820 

321 

922438 

i38 

8 16382 

459 

i836i8 

i5 

739013 

321 

922355 

i38 

8 16658 

459 

183342  • 

45 

i6 

739206 

321 

922272 

i38 

816933 

459 

183067 

44 

\l 

739398 

321 

922189 

i38 

817209 

459 

182791 

43 

» 

320. 

922106 

|38 

817484 

459 

182516 

42 

»9 

320 

922023 

i38 

l\SM 

i^ 

182241 

41 

30 

739975 

320 

921940 

i38 

181965 

40 

21 

9-740167 

320 

9-921857 

i39 

9.818310 

458 

10-181690 

It 

22 

740359 

320 

921774 

i39 

8i8585 

458 

181415 

23 

74o55o 

319 

921691 

139 

818860 

458 

181 140 

U 

24 

740742 

319 

921607 

139 

819135 

458 

i8o865 

25 

740934 

319 

921524 

139 

819410 

458 

180590 

35 

26 

74II25 

3i9 

921441 

139 

819684 

458 

i8o3i6 

34 

U 

74i3i6 

3io 

921357 

139 

819959 

458 

180041 

33 

741 5o8 

921274 

139 

820234 

458 

179766 

32 

?9 

]f^ 

sis 

92 1 190 

139 

82o5o8 

457 

179492 

3i 

3o 

3i8 

921107 

139 

820783 

457 

179217 

3o 

3i 

9-742080 

3i8 

9-921023 

139 

9.821057 

457 

10-178043 

^ 

32 

742271 
742462 

3i8 

l^U 

140 

821332 

457 

33 

?^7 

140 

821606 

457 

178394 

11 

34 

742632 

317 

» 

140 

821880 

457 

178120 

35 

742842 

3i7 

140 

822154 

457 

177846 

25 

36 

743o33 

?'7 

920604 

140 

822429 
822703 

457 

177571 

24 

U 

743223 

317 
3i6 

920520 

140 

n 

177297 
177023 
176749 
176476 

23 

743413 

920436 

140 

g"977 
823251 

22 

39 

743602 

3i6 

920332 

140 

456 

21 

40 

74379a 

3i6 

920268 

140 

823524 

456 

20 

41 

9-743982 

3i6 

9-920184 

140 

9-823798 

456 

10-176202 

\t 

42 

744171 
744361 

3i6 

920090 
920015 

140 

824072 

456 

175928 
175655 

43 

3i5 

140 

824345 

456 

\l 

44 

744550 

3i5 

VSi 

141 

824619 
824893 
825166 

456 

175381 

45 

74473Q 
744928 

3i5 

141 

456 

175107 

i5 

46 

3i5 

919762 
919593 

141 

456 

174834 

14 

ii 

ffl 

3i5 

141 

825439 
825713 

455 

I7456I 

i3 

3i4 

141 

455 

174287 

12 

49 

]t^3 

3i4 

919508 

141 

825986 

455 

174014 

11 

5o 

3i4 

919424 

141 

826259 

455 

173741 

10 

5i 

52 

'•a 

3i4 
3i4 

9.919339 
919254 

141 
141 

9-826532 
826805 

455 
455 

10-173468 
173195 

t 

53 
54 

746248 

746436 

313 
3i3 

?:^8? 

141 
141 

w 

455 
455 

172922 

I 

55 

746624 

3i3 

919000 

141 

827624 

455 

5 

56 

746812 

3i3 

9!8^3o 

142 

826170 

454 

172103 

U 

746999 

3i3 

142 

454 

171830 

747187 

3l2 

vx 

142 

828442 

454 

171558 

59 

M 

3l2 

142 

828715 

454 

171285 

6o 

/ 

3l3 

918574 

142 

828987 

454 

171013 

CMine. 

D. 

Sine.  ' 

IX 

Cotug. 

D. 

Tang. 

/ 

l2i 

|0 

66«>| 

52 
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),       Table  XL 

"S40 

146° 

/ 

Sine. 

D. 

Conoe. 

D. 

Tang. 

D. 

Cotang. 

r 

0 

9-747562 

3l2 

9»9i8574 
918489 
918404 

142 

9.828987 

454 

10-171013 

IT 

1 

2 

747749 
747936 
748123 

3l2 
3l2 

142 
142 

829260 
829532 

454 
454 

170740 
170468 

i? 

3 

3ii 

9i83i8 

142 

829805 

454 

170195 

u 

4 

748310 

3ii 

918233 

142 

830077 

454 

169923 

5 

V^U 

3ii 

918147 

142 

83o349 

453 

169651 

55 

6 

3ii 

918062 

142 

83o62i 

453 

169379 

54 

I 

748870 
749056 

3ii 
3io 

IX 

143 
143 

830893 
831165 

453 
453 

169107 
168835 

53 

52 

9 

749243 

3io 

917805 

143 

831437 

453 

168563 

5i 

10 

749429 

3io 

9n7i9 

143 

831709 

453 

168291 

5o 

II 

12 

9.7..... M  5 

7n'y>T 

3io 
3io 

'■t:]tlt 

143 
143 

9.831981 
832253 

453 
453 

10-168019 

% 

i3 

7-...V-7 

309 

917462 

143 

832525 

453 

45 

14 
i5 

?^:;^^; 

309 
309 

917376 
917290 

143 
143 

832796 
833o68 

453 
452 

167204 
166932 

i6 

7fji.v)4i 

309 

917204 

143 

833339 

452 

I6606I 

44 

:? 

7,10739 

3^ 

917118 

144 

83361 1 

452 

i6638o 
166118 

43 

75r.\;,l.i 

•917032 
916946 
916B59 

144 

833882 

.452 

42 

»9 

7^1. -...^j 

3o8 

144 

8341 54 

452 

165846 

41 

20 

7r^i.^v; 

3o8 

144 

834425 

452 

165575 

40 

21 

22 

9-75  U^-y 
75i'.Vi 

3o8 
3o8 

'VX 

14^ 
144 

9.834696 
834967 
83523d 

452 
452 

io-i653o4 
i65o33 

!? 

23 

75i^i.:^ 

3o8 

916600 

144 

452 

164762 

U 

24 

75  ,-■-3  1 

307 

9i65i4 

144 

835509 

452 

I 6449 I 

25 

75':oS 

307 

916427 

144 

835780 

45i 

164220 

35 

26 

75  ^■\.  J 

307 

916341 

144 

836o5i 

45i 

163949 

34 

11 

75r;.o 

3o7 

916254 

144 

836322 

45i 

163678 

33 

75:7i'.o 

3^ 

916167 

145 

836593 
836864 

45i 

163407 

32 

29 

75;..m[ 

916081 

145 

45i 

i63i36 

3i 

36 

75:.ijH 

3o6. 

915994 

145 

837134 

45i 

162866 

3o 

3i 

9.753312 

3o6 

9-9i5oo7 
915820 

145 

9-837405 

45l 

10-162595 

^ 

32 

753495 

3o6 

145 

837675 

45 1 

162325 

33 
34 

'Mtii 

3o6 
3o5 

915733 
915646 

145 
145 

837946 
838216 

45i 
45i 

162054 
161784 
i6i5i3 

ll 

35 

754046 

3o5 

915559 

145 

838487 

45o 

25 

36 

754229 

3o5 

915472 
915385 

145 

838757 

45o 

161 243 

24 

ll 

754412 

3o5 

145 

839027 

45o 

160973 

23 

754595 

3o5 

915297 

145 

l%m 

45o 

160703 

23 

39 

» 

3o4 

915210 

145 

45o 

160432 

21 

46 

3o4 

9i5i23 

146 

839838 

45o 

160162 

20 

41 

9.755143 

3o4 

9-9i5o35 

146 

9-840108 

45o 

10-159892 

\t 

42 

755326 

3o4 

914948 
914860 

146 

840378 

45o 

15022 

43 

755508 

3o4 

146 

840648 

45o 

159352 

'7 

44 
45 

755690 

3o4 
3o3 

•  t\iul 

146 
146 

840917 
841187 

449 
449 

159083 
i588i3 

16 
i5 

46 

3o3 

914598 

146 

841457 

449 

158543 

i4 

U 

756236 

3o3 

914510 

146 

841727 

449 

168273 

i3 

756418 

3o3 

914422 

146 

841996 
842266 

449 

i58oo4 

12 

49 

75660Q 

3o3 

914334 

146 

449 

157734 

II 

5o 

756782 

302 

914246 

U7 

842535 

449 

157465 

10 

5i 

9-7^6<>63 

302 

9-9i4i58 

147 

9 -842805 

449 

10-157195 

t 

52 

7571^4 

302 

914070 

147 

843074 

449 

156926 

53 

7573^6 

302 

9i3o82 

J47 

843343 

449 

156057 
156388 

I 

54 

i57^J07 
^576Bt4 

302 

913094 

147 

843612 

^g 

55 

3oi 

913806 

147 

843882 

i56ii8 

5 

56 

]^. 

3oi 

9137 18 

147 

844i5i 

448 

155849 

4 

U 

3oi 

9i363o 

147 

844420 

448 

l5558o 

3 

75823CI 

3oi 

913541 

147 

844680 
844958 

448 

i553ii 

s 

S9 

758411 

3oi 

913453 

147 

448 

i55o42 

I 

6o 

758591 

3oi 

913365 

147 

845227 

448 

154773 

0 

/ 

Cosine. 

D. 

Sine. 

D. 

Cotaog. 

A 

TaAg. 

/ 
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\                    58 

86« 

1440 

/ 

Sine. 

D. 

Cosine. 

D. 

Tang. 

D. 

Cotang. 

/ 

0 

9.758591 

3oi 

9-913365 

147 

9-845227 
845496 
845764 

448 

10.154773 
1 54604 

77 

I 

758772 

3oo 

913276 
913167 

\% 

448 

^ 

a 

758952 

3oo 

448 

154236 

3 

759132 

3oo 

913099 

148 

846033 

448 

153967 
i536o3 
1 534 Jo 

57 

4 

759312 

3oo 

9i3oio 

148 

846302 

448 

56 

5 

759492 

3oo 

'^llll 

148 

846570 

447 

55 

6 

',^11 

299 

148 

846839 

447 

i53i6i 

54 

I 

299 

'^un 

148 

847108 

447 

152892 

53 

76003 1 

299 

148 

847376 

447 

162624 

52 

9 

7602 II 

299 

912566 

148 

847644 

447 

152356 

5i 

10 

760390 

299 

9«2477 

148 

847913 

447 

152087 

5o 

II 

9.760569 

298 

9.912388 

148 

9.848181 

447 

io-i5iSi9 

it 

12 

76074B 

298 

912299 

149 

848449 

447 

i5i55i 

i3 

760927 
761106 

298 

912210 

149 

.  848717 

447 

i5i283 

ii 

14 

298 

912121 

149 

848980 

447 

i5ioi4 

i5 

761285 

298 

9i2o3i 

149 

849254 

447 

150746 

45 

i6 

761464 

298 

911942 
911653 

149 

849522 

447 

150478 

44 

\l 

761642 

297 

149 

85o325 

446 

l502I0 

43 

761821 

297  . 

9.1263 
911674 
911564 

149 

446 

149943 
149675 

42 

19 

761999 

297 

149 

446 

41 

20 

762177 

297 

149 

85o593 

446 

149407 

40 

21 

9.762356 

IV> 

9.91 1495 

149 

9.850861 

446 

10.149139 

148871 

U 

22 

762534 

911405 

149 

851129 
851396 
851664 

446 

23 

762712 
762889 

296 

9ii3i5 

i5o 

446 

148604 

u 

H 

296 

911226 

i5o 

446 

T 48336 

25 

763245 

296 

911136 

i5o 

85i93i 

446 

148069 

35 

26 

296 

911046 

i5o 

852199 
852466 

446 

147801 

34 

11 

763422 

296 

910956 
910866 

i5o 

446 

147534 

33 

763600 

295 

i5o 

852733 

445 

147267 

32 

^ 

]tllll 

295 
295 

910776 
910686 

i5o 
i5o 

853001 
853268 

445 
445 

\i^. 

3i 
3o 

3i 

9.764131 

295 

9.910596 

i5o 

9-853535 

445 

10-146465 

It 

32 

764308 

295 

9io5o6 

i5o 

853802 

445 

146198 
145931 

33 

764485 

294 

9io4i5 

i5o 

854069 
854336 

445 

11 

34 

764662 

294 

910325 

i5i 

445 

145664 

35 

764838 

294 

910235 

i5i 

8546o3 

445 

1453G7 
i45i3o 

25 

36 

765oi5 

294 

^  910144 

i5i 

854870 

445 

24 

^3? 

7653?7 

294 

910054 

i5i 

855 1 37 

445 

144863 

23 

294 

?^3 

909782 

i5i 

855404 

445 

144596 

22 

39 

765544 

293 

i5i 

855671 
855938 

444 

144339 

21 

40 

765720 

293 

i5i 

444 

144062 

20 

41 

9.765896 

293 

9.909691 

i5i 

9-856204 

444 

10-143796 
143529 
143263 

;g 

42 

766072 

293 

909601 

i5i 

856471 
856737 

444 

43 

766247 
'f    766423 

293 

909510 

i5i 

444 

\i 

44 

293 

909410 
909328 

i5i 

857004 

444 

14?9?6 
142730 

45 

766598 

292 

1 52 

857270 

444 

i5 

46 
49 

766774 
766949 

292 
292 

909237 
909146 

l52 
1 52 

857537 
857803 

444 
444 

142463 
142107 

141664 

14 
i3 

767124 
767300 

292 
292 

1 52 
l52 

858069 
858336 

444  • 
444 

12 
11 

5o 

767475 

291 

|52 

858602 

443 

141398 

10 

5i 

9.767649. 

291 

'•a 

l52 

9-858668 

443 

io-i4ii33 

I 

52 

767824 

291 

1 52 

859134 

443 

140866 

53 

Tdr^ 

291 

908599 

1 52 

859400 

443 

140600 

I 

54 

291 

908507 
908416 

1 52 

859666 

443 

140334 

55 

768348 

290 

i53 

859932 

443 

140068 

5 

56 

768522 

290 

908324 

i53 

860198 
860464 

443 

139802 

4 

ll 

■^^ss^? 

290 

908233 

i53 

443 

139536 

3 

768871 

290 

908141 

i53 

860730 

443 

139270 

a 

^ 

769045 

290 

908049 
90795a 

i53 

860995 

443 

139005 
138739 

1 

6o 

769219 

290 

i53 

861261 

443 

0 

/ 

Coiioe. 

D. 

Sine. 

D. 

Coung. 

!>• 

Twif. 

/ 
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►o 
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54 

LOGARITHMIC  SINES, 

TANGENTS,  ETC 

'.    Table  II  | 

"86^ 

1480  1 

/ 

Bio*. 

D. 

Codne. 

•  D. 

Tang. 

D. 

Cotang. 

/ 

0 

I 

'S! 

X 

^•^??^ 

1 53 
1 53 

9.861261 
86 1 527 

443 
443 

10.138739 
138473 

3 

289 

W 

1 53 

86lo?8 

442 

1 38208 

3 

769740 

289 

i53 

442 

'^^■, 

57 

4 

7699.3 

289 

907590 

1 53 

862323 

442 

56 

5 

770087 

^^ 

907498 

i53 

862589 

442 

137411 

55 

6 

770260 

907406 

1 53 

862854 

442 

137146 
I 36881 

54 

I 

770433 

288 

907314 

l54 

863II9 
863385 

442 

53 

770606 

288 

907222 

1 54 

442 

i366i5 

52 

9 

770779 
770962 

288 

907129 

1 54 

863650 

442 

I 36350 

5i 

10 

288 

907037 

144 

863915 

442 

i36o85 

5o 

II 

9-77II25 

288 

9.906945 

i54 

9.864180 

442 

10. 135820 

% 

12 

771293 

287 

9o6y5a 

i54 

864445 

442 

135555 

i3 

771470 

287 

9o(j76o 

1 54 

864710 

442 

135290 

% 

14 

77 > 643 

'^7 

906667 
906675 

9064 S2 

154 

864975 

441 

i35o25 

i5 

771815 

2?7 

i54 

865240 

441 

134760 

46 

i6 

771987 

287 

1 54 

8655o5 

441 

I 34496 
i3423o 
133966 

44 

\l 

772159 
772331 

'2 

906 J  89 

9o6av6 

1 55 
1 55 

1^? 

441 
441 

43 
42 

»9 

7725o3 

286 

906204 

i55 

866300 

441 

133700 

41 

20 

772675 

286 

906111 

1 55 

866564 

441 

133436 

40 

21 

9-773S47 
773018 
7llifio 

286 

9-906018 

1 55 

9.866829 

441 

10-133171 

35 

22 
23 

286 
286 

905925 
905832 

1 55 
1 55 

^867094 
867368 

441 
441 

132906 
132642 

24 
25 

7lJJ6i 
7^3533 

285 
285 

a 

i55 
i55 

867623 

441 
441 

132377 
i32ii3 

26 

7.  l^Mi 

285 

905552 

1 55 

440 

i3i848 

34 

11 

7-J.p 

285 

905459 
905366 

1 55 

868416 

440 

i3i584 

33 

774046 

285 

i56 

868680 

440 

i3i32o 

32 

29 

77438? 

285 

905272 

i56 

868945 

440 

i3io56 

3i 

3o 

284 

905179 

1 56 

869209 

440 

I 30791 

3o 

3i 

32 

9-774558 
774729 

284 
284 

9-905o85 
904898 

1 56 
1 56 

'•W 

440 
440 

io-i3o527 
1 30263 

% 

33 

774899 

284 

1 56 

870001 

440 

129735 

U 

?4 

77D070 

284 

904804 

i56 

870265 

440 

35 

77^240 

284 

904711 
904617 
904523 

1 56 

870520 

440 

1 2947 1 

26 

36 

775410 

283 

i56 

440 

\Xl 

24 

U 

775580 

283 

i56 

440 

23 

775750 

283 

904429 
904335 

i57 

871321 

440 

128079 
128416 

22 

39 

775920 

283 

1 57 

871585 

440 

21 

40 

776090 

283 

904241 

157 

871849 

439 

128161 

30 

41 

9.776259 

283 

9-904147 
904053 

i57 

9-872112 

439 

IO-I278S8 

\t 

42 

776420 
7765o8 
776768 

282 

157 

872376 

439 

127624 

43 
44 

282 
282 

t,^. 

\% 

872640 
872903 

439 
439 

127360 

\l 

45 

776937 
777106 

282 

903770 

1 57 

873167 

439 

i5 

46 

282 

903487 

1 57 

873430 

439 

126670 

14 

il 

777275 
777444 

281 
281 

;i 

873694 
873967 

43^ 
439 

i263o6 
126043 

i3 
12 

49 

777613 

281 

903392 

874220 

439 

126780 
126616 

II 

5o 

777781 

281 

903298 

i58 

874484 

439 

10 

5i 

9-777950 

281 

9-903203 

1 58 

9-874747 

439 

10.126253 

I 

52 

7781 19 

281 

9o3io8 

1 58 

876010 

43§ 

12^990 

53 

]t^ 

280 

9o3oi4 

1 58 

875273 
8755i7 

124727 
124463 

I 

54 

280 

902019 
902824 

1 58 

438 

55 

778624 

280 

i58 

876800 

438 

124200 

5 

56 

V^^ 

280 

902729 
902634 

1 58 

876063 

438 

i23o37 
123674 

4 

tl 

280 

1 58 

876326 

438 

3 

779128 

280 

902539 

i59 

876689 

438 

123411 

2 

59 

779295 
779463 

279 

902444 

159 

876862 

438 

I23i48 

1 

60 

279 

902349 

159 

877114 

438 

122886 

0 

4 

Coaine. 

D. 

Bine. 

D. 

Cotang. 

D. 

Tang. 

/ 

i2e 

;o 

SS"*  1 

Table  II.   LOGARITHMIC  SINES, 

TANGENTS,  ETC.        05  | 

87° 

142«  1 

/ 

Sine. 

D. 

Codnc. 

D. 

Tan^. 

D. 

Cotat»s. 

f 

0 

I 

9-779463 
779631 

279 
279 

9.902349 
902253 

,59 
159 

9'877"4 
877377 

438 
438 

10*122886 
122623 

~ 

2 

m 

279 

902158 

159 

877640 

438 

122360 

3 
4 

279 

902063 
901967 

901872 

,59 
1 59 

w 

438 
438 

:=.!??? 

% 

5 

780300 

159 

878428 

438 

121572 

55 

6 

780467 

278 

901776 

i59 

878601 
878933 

438 

i2i3o9 

54 

I 

780634 

278 

901681 

169 

437 

I 2 1047 

53 

780801 

278 

?oi585 

169 

879216 

437 

120784 

5;i 

9 

780968 

=78 

901490 

1D9 

879478 

437 

120522 

5i 

10 

781134 

278 

901394 

160 

879741 

437 

120259 

5o 

II 

9'78i3oi 

277 

9.901298 

160 

9.880003 

437 

10-119997 
119735 

t 

12 

781468 

277 

901202 

160 

880205 

437 

i3 

781634 

277 

901106 

160 

880528 

437 

119472 

% 

14 

781800 

277 

901010 

160 

880790 

437 

119210 

i5 

781966 

277 

90^18 

160 

881052 

437 

118048 

45 

i6 

782132 

277 
27A 
276 

160 

88i3i4 

437 

1 1 8686 

44 

\l 

7H2298 
782464 

900626 

160 
160 

881577 
881839 

$] 

1 18423 
118161 

43 

42 

19 

20 

782630 
782796 

276 
276 

900529 
900433 

160 
161 

882101 
882363 

n 

117899 
117637 

41 
40 

21 

9-782961 

276 

9.900337 

161 

9.882625 

436 

10.117375 

^§ 

22 

783127 

276 

900240 

161 

882887 
883148 

436 

nZ852 

23 

783292 
783458 

275 

900144 

161 

436 

^2 

24 

275 

Si 

161 

883410 

436 

116590 

25 

783623 

275 

161 

883672 
883934 

436 

1 16328 

35 

26 

783788 

275 

161 

436 

116066 

34 

11 

783953 

275 

fe 

161 

884196 
884457 

436 

ii58o4 

33 

784118 

275 

161 

436 

115543 

32 

29 

784282 

274 

8^9564 

161 

884719 

436 

ii528i 

3i 

36 

7S4447 

274 

899467 

162 

884980 

436 

ll5020 

3o 

3i 

9.784612 

274 

9.899370 

162 

9-885242 

436 

10.114758 

^ 

32 

784776 

274 

899273 

162 

8855o4 

436 

114496 
I142J5 

33 

784941 

274 

899176 

162 

885765 

436 

^2 

34 

785io5 

274 

162 

886026 

436 

1 13974 

35 

785269 

273 

162 

886288 

436 

113712 

25 

36 

785433 

273 

898884 

162 

886549 

435 

ii345i 

24 

11 

a 

273 
273 

898^9 

162 
162 

886811 
887072 
8873^3 

435 
435 

113189 
112928 
112667 
112406 

23 
22 

39 

785925 

273 

898592 

162 

435 

21 

46 

786089 

273 

898494 

i63 

887594 

435 

20 

41 

9.786252 

272 

9.898397 

i63 

'•ffi 

435 

10.112145 

:§ 

42 

786416 

272 

898299 

i63 

435 

111884 

-43 

786579 

272 

898202 

i63 

888378 
888639 

435 

111622 

17 

44 

786742 

272 

898104 

163 

435 

iii36i 

li 

45 

786906 

272 

898006 

i63 

888900 

435 

11 1100 

i5 

46 

787069 

272 

897908 
897810 

i63 

889 I 6x 

435 

1 10839 

14 

% 

787232 

271 

i63 

889421 

435 

110579 
iio3id 

i3 

M 

271 

^]lll 

i63 

889682 

435 

12 

49 

271 

i63 

889943 

435 

110057 
109796 

11 

5o 

787720 

271 

897516 

i63 

890204 

434 

10 

5i 

'•» 

271 

9-897418 

164 

9.890465 

434 

10.109535 

1 

52 

271 

897320 

.  164 

890725 

434 

109275 

53 

788208 

271 

897222 

164 

890986 

434 

100014 
108753 

I 

54 

788370 

270 

897123 

164 

891247 

434 

55 

788532 

270 

897025 

164 

891507 
891768 

434 

108493 
108232 

5 

56 

7888?6' 

270 

896926 
896828 

164 

434 

4 

U 

270 

164 

892028 

434 

107972 

3 

789018 

270 

» 

164 

892289 

434 

1077 11 

3 

59 

789180 

270 

164 

892549 

434 

107451 

I 

60 

789342 

269 

896532 

164 

892810 

434 

107190 

0 

/ 

Cosine. 

D. 

Bine. 

D. 

Cotang. 

D. 

Tang. 

/ 

12^ 

f^ 

^^^_^ 

52°  1 
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'     LOGARITHMIC  SINES, 

TANGENTS,  ETC.    Table  II  | 

T8« 

» 

1410  1 

/ 

Stoe. 

D. 

Carina. 

D. 

T.«ff. 

D. 

CotMDg. 

/ 

0 

9-789342 

269 

9.896532 

164 

9.892810 

434 

I0«I07IOO 

IT 

I 
9 

789504 
789665 

269 
269 

896433 
896335 

i65 
I65 

893070 
893331 

434 
434 

;^ 

u 

3 
4 

'» 

269 
269 

896236 
896137 
89603d 

i65 
i65 

8933?! 

434 
434 

106409 
106149 

u 

5 

790149 

l^ 

i65 

8941 II 

434 

io586q 
105628 

55 

6 

790810 

895U 

165 

894372 
894632 

434 

54 

I 

9 

790471 

268 

i65 

433 

105368 

53 

790632 
790793 
790964 

268 
.  268 

8^564! 

i65 
i65 

^^l 

433 
433 

io5io8 
104848 

5a 
5x 

10 

268 

895542 

i65 

895412 

433 

104588 

5o 

II 

9.791115 

268 

9. 895443 

166 

9.895672 

433 

10.104328 

IS 

12 

791275 

267 

895343 

166 

"^  8559J2 

433 

104068 

13 

791436 

267 

895244 

166 

896192 
896462 

433 

io38o8 

% 

14 

79i5o6 
791757 

267 

895145 

166 

433 

- 103548 

i5 

267 

895045 

166 

896712 

433 

103288 

45 

i6 

791917 
792077 
792237 

267 

894945 
894846 

166 
166 

^l\ 

433 
433 

io3o29 
102769 
102609 

44 
43 

894746 
894646 

166 

898010 

433 

42 

»9 

702397 
792J57 

266 

166 

433 

102249 

41 

20 

266 

894546 

166 

433 

101990 

40 

21 
22 

9.792716 

266 
266 

9.894446 
894346 

167 

^•a 

433 
433 

10.101730 
101470 

U 

23 

266 

894246 

167 

898789 

433 

101211 

u 

24 

793!o5 
793354 

265 

894146 

167 

a 

432 

100951 

25 

265 

894046 

167 

432 

100092 

35 

26 

793514 

265 

893946 
893846 

167 

899568 

432 

100442 

34 

11 

29 

793673 

265 

167 

899827 

432 

100173 

33 

793H32 
793991 
794 i5o 

265 
265. 

893745 
893645 

167 
167 

900087 
900346 

432 
432 

099654 

32 

3i 

3(o 

264 

893544 

167 

900605 

432 

099395 

3o 

3i 

9 -794308 

264 

9  893444 

168 

9.900864 

432 

10-099136 

098876 
098617 
098358 

It 
ll 

32 

33 

794461 
704626 

264 
264 

'  893343 
893243 

168 
168 

901124 

901383 

.432 
432 

li 

7947»4 

264 

893142 

168 

901642 

432 

35 

794942 

264 

893041 

168 

901901 

432 

098099 

25 

36 

795101 

264 

892940 
892839 

168 

902160 

432 

097840 

24 

39 

795259 

263 

168 

902420 

432 

097080 

23 

795417 
795733 

263 
263 

Zil^ 

168 
168 

902670 
902938 

432 
432 

097321 
097062 

22 
21 

40 

263 

892536 

168 

903197 

43i 

096803 

30 

41 

9.795891 

263 

9.892435 

169 

9.903456 

43i 

10.096544 

\t 

42 

796049 
796206 
79^'164 

263 

892334 

169 

903714 

43i 

09628^ 

43 
44 

263 
262 

892233 
892182 

169 
169 

903973 

90j2h 

43l 
43 1 

iS 

\l 

45 

796521 

262 

892030 

169 

90M  )I 

43i 

i5 

46 

796679 

262 

891029 

891827 

891726 
891624 

169 

9O47.'0 

43i 

09525© 

14 

49 

796^36 

262 

169 

906008 

43i 

094474 

i3 

796993 
797 'So 

262 
261 

169 
169 

905267 
905526 

43i 
43i 

12 
11 

5o 

797307 

261 

891523 

170 

905785 

43l 

094215 

10 

5i 

9-707464 

261 

9-891421 

170 

9.906043 

43i 

'"■^ 

t 

5a 

797621 

261 

891319 

170 

906302 

43i 

53 

79^777 
7979J4 

261 

891217 
891114 

170 

9o656o 

43i 

093440 

I 

54 

261 

170 

906819 

43i 

093 1 81 

55 

798091 

261 

89IOI3 

170 

^W 

43i 

ffi 

5 

56 

798247 

'261 

890809 

170 

43i 

4 

5q 

798403 

25o 

170 

907594 

43i 

092406 

3 

798060 

260 

260 

& 

170 

170 

9078D3 
908111 

43 1 
43o 

092147 
091889 

2 

I 

Co 

260 

890503 

170 

908369 

43o 

091631 

0 

/ 

CfMiae. 

D. 

Sine. 

D. 

Cotang. 

D. 

Tug. 

/ 

12g 

0 

ft|0| 

Table  IL   LOGARITHMIC  SINES, 

TAKQENTS,  ETC.        57  | 

89° 

140«  i 

t 

Sine. 

D. 

Cosine. 

D. 

Tang. 

D. 

Cotans. 

t 

0 

9.798872 

.260 

9.890503 

170 

'•» 

43o 

io.09i63i 

60 

I 

799028 

260 

890400 

171 

43o 

091372 

5^ 

2 

799184 

260 

890298 

171 

908886 

43o 

091114 

3 

799330 

259 

890195 

171 

909144 

43o 

090856 

55 

5 

259 
259 

sO^ 

171 
171 

909402 
909660 

43o 
43o 

090598 
090340 

6 

799806 

259 

880008 

171 

909918 

43o 

090082 
089823 
089565 

54 

I 

&^ 

259 

V. 

171 
171 

9104^5 

43o 
43o 

53 

52 

9 

800272 

889579 

171 

910603 
910931 

43o 

089307 

5i 

10 

800427 

258 

889477 

17« 

-43o 

089049 

5o 

II 

9.800582 

258 

9.889374 

172 

9.911209 

43o 

088275 

% 

12 

i3 

w 

258 
258 

889271 
889168 

172 
172 

91 1467 
911725 

43o 
43o 

14 

801047 

258 

889064 

172 

911982 

43o 

088018 

i5 
i6 

801 201 

8oi396 

258 
257 

si^ss 

172 
172 

912240 
912498 
912756 
9i3oi4 

43o 
43o 

087760 
087502 

45 
44 

;2 

8oi5ii 
8oi665 

257 
257 

888755 

888651 

172 
172 

43o 
429 

087244 
086986 

43 
42 

19 

801810 
801973 

257 

888548 

'7? 

913271 

429 

086729 

41 

20 

257 

888444 

173 

913529 

429 

086471 

40 

21 

9.802128 

2^S 

9.888341 

173 

9.913787 

429 

10.086213 

^ 

22 

802282 

888237 

173 

914044  * 

429 

085956 
085698 

23 

802436 

256 

888i34 

173 

914302 

429 

\L 

24 

802589 
802743 

256 

888o3o 

173 

914560 

429 

085440 

25 

256 

887926 
887822 
887718 
887614 

173 

914817 
915075 
915332 

429 

o85i83 

35 

26 

802897 
8o3o5o 

256 
256 

'73 
173 

429 
429 

084925 
084668 

34 
33 

8o32o4 

256 

173 

915590 

429 

084410 

'32 

29 

803357 

255 

887510 

173 

915847 

429 

084153 

3i 

36 

8o35u 

255 

887406 

174 

916104 

429 

083896 

3o 

3i 

9.803664 

255 

9.887302 

174 

9.916362 

429 

10.083638 

^ 

32 

8o38i7 

255 

887198 

174 

916619 

429 

o8338i 

33 
34 

803970 
804123 

255 
255 

fiS 

>74 
174 

916877 
917134 

429 
429 

o83i23 
082866 

ll 

35 

804276 

254 

174 

917391 

429 

082600 

25 

36 

804428 

254 

886780 
886676 

174 

917648 

429 

082352 

24 

^S 

8o458j 

254 

174 

917906  . 

f^ 

082094 
081837 

23 

804734 
804686 

254 

886571 
886466 

174 

918163 

22 

39 

254 

n4 

918420 

428 

o8i58o 

21 

40 

8o5o39 

254 

886362 

175 

918677 

428 

o8i323 

20 

41 

9.805191 

254 

9.886257 

175 

9.918934 

428 

10.081066 

\t 

42 

805343 

253 

886i52 

175 

919191 

428 

080809 

43 

805495 

253 

886047 

175 

919448 

428 

o8o552 

\l 

44 

8o5647 

253 

885o42 
885837 
885732 
885627 

175 

919705 

428 

080295 
o8oo38 
079781 
079524 

45 
46 

t%V. 

253 
253 

175 

919962 
920210 
920476 
920733 

428 
428 

i5 
14 

% 

806103 

253 

175 

428 

i3 

806254 

253 

885522 

175 

428 

079267 

12 

49 

806406 

252 

885416 

175 

920990 

428 

079010 
078753 

II 

56 

806557 

252 

88531 I 

176 

921247 

428 

10 

5i 

52 

'•1^ 

252 
252 

9-885205 
885100 

176 

9.921503 
921760 

428 
428 

10.078497 
078240 

t 

53 

807011 

252 

884004 

176 

922017 

428 

077983 

I 

54 

807163 

252 

884889 

176 

t^ 

428 

077726 

55 

807314 

252 

88418J 

176 

428 

077470 

5 

56 

807465 

25l 

176 

922787 

428 

V^ 

4 

% 

807615 

25l 

884426 

176 

923044 

428 

3 

807766 

25l 

176 

923300 

428 

076700 

2 

59 

^ 

25l 

884360 

176 

923557 

427 

076443 

I 

60 

25l 

884254 

177 

923814 

427 

076186 

0 

f 

Cwioe. 

D. 

Sine. 

D. 

Cotang. 

D. 

Tang. 

/ 
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>o 

___ 

600  1 
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LOGARITHMIC  SINES,  TANGENTS,  ETC 

Table  It  1 

40O 

189o| 

/ 

Sine. 

D. 

Codne. 

D. 

Tang. 

D. 

Cotang. 

/ 

0 

^'8o82i3 

25l 

9-884254 

177 

9-9238i4 

427. 

10.076186 

17 

I 

25l 

884148 

n7 

924070 

427 

075930 

% 

2 

8o8368 

25l 

884042 

177 

92453] 

427 

075673 

3 

8o85i9 

25o 

883936 
883820 
883723 
883617 

177 

427 

075417 

u 

4 

808669 

25o 

177 

924840 

427 

075160 

5 
6 

808810 
808969 

25o 
25o 

177 
177 

925096 
925352 

427 
427 

074904 
074648 

55 
54 

I 

809119 
809269 

25o 
25o 

883510 
883404 

177 
'78 

92586? 

427 
427 

074391 
074i35 

53 

52 

9 

809419 

249 

883297 

926122 

427 

073878 

5i 

10 

809569 

249. 

883191 

178 

926378 

427 

073622 

5o 

II 

12 

^'W 

249 
249 

9-883084 
882977 
882871 

'78 

9.97: 'oi 

427 
427 

10.073366 
073110 

^ 

i3 

810017 

249 

'78 

9^:1  ;^ 

427 

072853 

ii 

14 

810167 
8io3i6 

\% 

882764 
882657 

178 

9"^"  ji>j 

427 

072597 

i5 

178 

9?T'-""]f 

.  427 

072341 

45 

i6 

810465 

248 

882550 

178 

9-=,|-» 

427 

072085 

44 

\l 

810614 

248 

882443 

178 

9  -  '"■  L " ' 

427 

071829 
071573 

43 

810763 

248 

882336 

179 

9::-;- 

427 

42 

»9 

810912 

248 

882229 

179 

9 , 

427 

071316 

41 

20 

811061 

248 

882121 

179 

928940 

427 

071060 

40 

21 

9-8ii2io 

248 

9.882014 

>79 

9.929106 
929452 

427 

10-070804 

!? 

22 

8ii358 

247 

•   881907 

179 

427 

070548 

23 

24 

811 507 
8ii655 

247 
247 

881799 
881^ 
88i584 

179 

179 

929708 
029964 

U 

070202 

070036 

069780 

065625 

U 

25 

81 1804 

247 

179 

930220 

426 

35 

26 

11 

29 

811952 
812100 

247 
247 

881477 
881369 

179 
180 

» 

426 
426 

34 
33 

812248 
812396 

247 
240 

881261 
881 i53 

t^^ 

426 
426 

32 

3i 

36 

812544 

246 

881046 

180 

931499 

426 

3o 

3i 

9<8i2692 

946 

9.880938 
88o83o 

180 

9.931755 

426 

10*068245 

It 

32 

812840 

246 

180 

932010 

426 

■^???: 

33 

812988 

246 

880722 
880613 

l8o 

932266 

426 

11 

34 

8i3i35 

246 

180 

932522 

426 

067478 

35 
36 

81 3283 
8i343o 

246 
245 

88o5o5 

880289 
880180 

180 
180 

9330J3 

426 
426 

067222 

066967 

25 

24 

U 

813578 
813725 
81387a 

245 
245 

181 
181 

933289 
933545 

426 
426 

0667II 
066455 

23 
22 

39 

245 

8^3 

181 

933800 

426 

066200 

21 

40 

814019 

245 

181 

934056 

426 

065944 

20 

41 

9-8i4i66 

245 

9.879855 

181 

9.93431 1 

426 

10.065689 

065433 

\l 

42 

8i43i3 

245 

w 

181 

934567 

426 

43 

814460 

244 

181 

934822 

426 

065178 

i5 

44 
45 

814607 
814753 

244 
244 

» 

181 
181 

935078 
935333 

426 
426 

064922 
064667 

46 

814900 

244 

8793 II 

181 

935589 

426 

06441 I 

14 

49 

8i5o46 

244 

879202 

182 

935844 

426 

0641 56 

i3 

815193 
8i533o 
8i5485 

244 
244 

878g75 

182 
182 

936100 
936355 

426 
426 

063900 
063645 

12 
II 

56 

243 

182 

936611 

426 

063389 

10 

5i 

9-8i563i 

243 

'•» 

182 

9.93 '^^M^ 

425 

io.o63i34 

I 

52 

815778 

243 

182 

93  -  ]  J  [ 

425 

062870 
062623 

53 

815924 

243 

878:..^ 

182 

93:-7-: 

425 

I 

54 

816069 
816215 

243 

87B4JS 

182 

d^-'-^i 

425 

062368 

55 

243 

87833B 

182 

93i^-^7 

425 

062113 

5 

56 

8i636i 

243 

878219 

i83 

93-^1  \i 

425 

o6i858 

4 

U 

8i65o7 

242 

87S109 

i83 

93^-i.^ 

425 

061602 

3 

8i665a 

242 

877999 

i83 

53-,M 

425 

061347 

s 

59 

816798 

242 

877^0 

i83 

93-u,.,S 

425 

061092 
0608J7 

I 

60 

816943 

242 

8777^ 

i83 

93.^  ir.;; 

425 

0 

1 

Codne. 

D. 

Sine. 

D. 

Cotang. 

D. 

Tang. 

/ 

18( 

)° 

49«>  1 

Table  IL   LOGARITHMIC  SINES, 

TANGENTS,  ETC.        59  | 

41° 

188®  1 

/ 

Bin«. 

D. 

CoBine. 

D. 

Tang. 

D. 

Cotang. 

/ 

0 

9-816943 

242 

9.877180 
877670 
8775^0 

i83 

Q»o3oi63 

425 

10.060837 

60 

I 

^   817088 

242 

i83 

939418 

425 

o6o582 

5o 

3 

817233 

242 

1 83 

939673 

425 

060327 

58 

3 

817379 

242 

877450 

i83 

939928 

425 

060072 

U 

4 

817524 

241 

877340 

i83 

940183 

425 

059817 

5 

817668 

241 

877230 

184 

940439 

425 

059561 

55 

6 

817813 

241 

877120 

184 

940694 

425 

059306 

54 

I 

817958 

241 

877010 
876809 

876^7? 

184 

940949 

425 

o59o5i 
058796 
o58d4i 
058287 

53 

8i8io3 

241 

184 

941204 

425 

52 

9 

10 

818247 
818392 

241 
241 

184 
184 

941459 
941713 

425 
425 

5i 
5o 

II 

9.818536 

240 

9.876568 

184 

g-gui'ii.'^  ■ 

425 

io.o58o32 

^ 

12 

818681 

240 

876457 

184 

9^;:J.■■:^i 

425 

057777 

i3 

818825 

240 

876347 
876236 

184 

92;  2,-:- 

425 

057022 

ii 

14 

818960 
819113 

240 

i85 

94?Tn 

425 

057267 

i5 

240 

876125 

i85 

94:..HS 

425 

057012 

o56do2 

45 

i6 

819257 

240 

876014 

i85 

9/ivi'.n 

425 

44 

19 

819401 

240 

875904 

i85 

94  \--.^ 

425 

43 

819545 
819689 

239 

239 

m^ 

i85 
i85 

9^;.»^ 

425 
425 

056248 

o557?8 

42 
41 

20 

819832 

239 

875571 

i85 

g/y.t.^Ul 

425 

40 

21 
22 

9.819976 
820120 

239 
239 

9.875459 
875348 

i85 
i85 

9-944517 
944771 

425 
424 

10-055483 
055229 

It 

23 

24 

820263 
820406 

239 

23o 

238 

875237 
875126 

i85 
186 

945026 
945281 

424 
424 

054974 
054719 
054465 

ll 

25 

82o55o 

875014 

186 

945535 

424 

35 

26 

820693 
820836  . 

238 

874903 

186 

945790 

424 

o542io 

34 

11 

238 

» 

186 

946045 

424 

053955 

33 

820979 

238 

186 

t&. 

424 

053701 

32 

29 

821122 

238 

874568 

186 

424 

053446 

3i 

3o 

821265 

238 

874456 

186 

946808 

424 

053192 

3o 

3i 

9.821407 

238 

9.874344 

186 

9.947063 

424 

10.052937 
052682 

^ 

32 

82i55o 

238 

874232 

187 

947318 

424 

33 

821693 
821835 

237 

874121 

187 

947572 

424 

052428 

ll 

34 

237 

874009 
873896 

873560 

187 

947827 
948081 

424 

052173 

35 

821977 

237 

187 

424 

f^t^t 

25 

36 

822120 

237 

187 

948335 

424 

24 

ll 

822262 

237 

187 

948590 

424 

o5i4io 

23 

822404 

237 

187 

948844 

424 

o5ii56 

22 

39 
40 

822546 
822688 

III 

873448 
873335 

Ji? 

CT 

424 
424 

o5oooi 
o5o647 

21 
20 

41 

9.822830 

236 

9.873223 

\U 

9.949608 

424 

10 -050392 
o5oi38 

12 

42 

822972 

236 

873110 

949862 

424 

43 

823T14 

236 

i?! 

188 

9501 16 

424 

049884 

\l 

44 

823255 

236 

188 

950371 

424 

049629 
049375 

45 

823680 

236 

Si? 

188 

950625 

424 

i5 

46 

236 
235 

188 
188 

Iti^t 

424 
424 

049121 

048867 

14 
i3 

823821 

235 

872434 

188 

95i388 

424 

048612 

12 

49 

823963 

235 

872321 

188 

951642 

424 

048358 

II 

56 

824104 

235 

872208 

188 

951896 

424 

048104 

10 

5i 

9.824245 

335 

9.872005 
87 I 981 
871868 

189 

g-g'^'^.i'Kt 

424 

10.047850 

I 

52 

824386 

235 

189 

g:>2io5 

424 

047595 

53 

824527 
824668 

235 

189 

9-5  a  039 
9^)^913 

424 

047341 

I 

54 

234 

871755 
871641 

189 

424 

M 

55 

824808 

234 

189 

95.1167 

423 

5 

56 

824949 

234 

871528 

189 

9534JI 

423 

046579 
04632S 

4 

U 

825690 
825230 

234 

871414 

189 

951575 
9'")1v?c) 

423 

3 

234 

871301 

189 

423 

046071 

2 

59 

825371 

234 

871187 
871073 

189 

9J4ii>J 

423 

045817 
045563 

I 

66 

82551 I 

a34 

190 

954437 

423 

0 

/ 

Corine. 

D. 

Sine. 

D. 

D. 

Tang. 

/ 

181 

0 
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LOGARITHMIC  SINES, 

TANGENTS,  ETC.    Table  H.  | 

lS7o| 

f 

0iM. 

D. 

CcMse. 

D. 

T^, 

D. 

CdUuv. 

/ 

0 

0'8255ii 

234 

9-871073 
870960 
870846 

190 

9.954437 

423 

I0-045563 

IT 

I 

825651 

233 

190 

954691 

423 

045309 

is 

2 

825791 
825931 

233 

190 

954946 

423 

o45o54 

3 

233 

870732 
870618 

190 

955200 

423 

044800 

^ 

4 

826071 

233 

190 

955454 

423 

044546 

56 

5 

8262 II 

233 

870504 

190 

955708 

423 

043^ 
04353I 

55 

6 

826351 

233 

870390 

190 

955961 

423 

54 

I 

826491 

233 

870276 
870161 

190 

956215 

423 

53 

826631 

233 

190 

ffl 

423 

52 

9 

826770 

232 

'& 

191 

423 

SI^S 

5i 

10 

826910 

232 

191 

956977 

423 

5o 

11 

9-8J-  i, 

232 

9. 869818 

191 

9.957231 

423 

io>o4276o 
0425i5 

% 

12 

8a -^  ., 

232 

w 

191 

9^7485 

423 

i3 

82- 

232 

191 

957730 

423 

042261 

2 

14 

8a  , 

232 

869474 

191 

423 

042007 
041753 
o4i5oo 

i5 

8a 

232 

869360 

191 

423 

45 

i6 

8a  ■  , 

232 

869245 

191 

958500 

423 

44 

19 

8a   I 

23l 

869,30 

191 

958754 

423 

041246 

43 

8a.v.j 
828162 

23l 
23l 

869015 
868900 

192 
192 

959008 
959262 

423 
423 

040992 
040738 

42 
41 

20 

828301 

23l 

868785 

192 

959516 

423 

040484 

40 

21 
22 

23 
24 

9.828439 
828578 

8a   - 

23l 
23l 
23 1 

23o 

9.868670 
868555 
868440 
868324 

192 
192 
192 
192 

423 
423 
423 
423 

I 0.04023 I 

03972^ 
039470 

25 

26 

8a  ■...•; 
8a..  . 

23o 
23o 

868209 
868093 

192 
192 

960784 
961038 

423 
423 

039216 
038962 

35 
34 

^s 

8a ..  '  .V 

23o 

a 

193 

961292 

423 

038708 

33 

8a...- 

23o 

193 

961545 

423 

038455 

32 

H9 

8a/. /► 

23o 

a 

193 

961709 
962052 

423 

o382oi 

3i 

3o 

8a/.-  1 

23o 

193 

423 

037948 

3o 

3i 

9.829821 

229 

9.867515 

193 

9.962306 

423 

10*037694 

^§ 

32 

829959 

229 

867167 

193 

962560 

423 

037440 

33 
34 

L'^I 

229 

229 

193 
193 

962813 
963067 

423 
423 

036^3? 

S 

35 

830372 

229 

861051 

8667^? 
866586 

193 

963320 

423 

o3668o 

25 

36 

83o5o9 
83o646 

229 

194 

963574 

423 

036426 

24 

U 

229 

194 

963828 

423 

036172 

23 

830784 

'^ 

194 

964081 

423 

t^% 

22 

39 

ll'^li 

194 

964335 

423 

21 

40 

83io58 

228 

866470 

194 

964588 

422 

o354i2 

20 

41 

9-831 195 
83i332 

228 

9-866353 

194 

9.964842 

422 

io.o35i58 

\l 

42 

228 

866237 

194 

965095 

422 

034905 
o3465i 

43 

831469 
83 1 606 

228 

866120 

194 

965349 

422 

11 

44 

228 

866004 

195 

965602 

422 

034398 

45 

831742 
831679 
832oi5 

228 

865887 

195 

965855 

422 

034145 

i5 

46 

% 

228 
227 

a 

195 
195 

966109 
966362 

422 
422 

033891 
033638 

14 
i3 

832152 

227 

865536 

195 

966616 

422 

033384 

12 

t 

832288 
832425 

227 
227 

865419 
865302 

,95 
195 

» 

422 
422 

o33i3i 
032877 

II 
10 

5i 

9.832561 

227 

9-865,85 

195 

9.96-1-'. 

422 

10-032624 

I 

52 

832697 
832833 

227 

865o68 

195 

96-r  vg 

422 

032371 

53 

Vi 

864o5o 
864833 

195 

96-V-M 

422 

032117 

I 

54 

832969 
833io5 

196 

96M  '-<' 

422 

a3i864 

55 

226 

864716 
864*08 
864481 

196 

96S.S., 

422 

o3i6ii 

5 

56 

833241 

226 

196 

96v,.j 

422 

o3i357 

4 

u 

833377 

226 

196 

96  ■^'^-/.ii 

422 

o3iio4 

3 

833512 

226 

864363 

196 

96.  J 1^..^ 

422 

o3o85i 

s 

^ 

833648 

226 

864245 

196 

96...  5 

422 

o3o597 

60 

833783 

226 

864127 

196 

56.-.-.. 

M 

o3o344 

0 

t 

Codne. 

D. 

Sine. 

D. 

CoUnf. 

D. 

Taof. 

/ 

1>< 

« 

47<»  1 
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48° 

186<»  1 

/ 

8in«. 

D. 

Cosine. 

D. 

Tan^ 

D. 

Cotang. 

/  * 

0 

9.833783 

326 

9.864137 

196 

9.969656 

422 

io*o3o344 

60 

1 

833919 

325 

864010 

196 

969909 

422 

030091 
029838 

U 

3 

834o54 

235 

863893 

>97 

970163 

422 

3 
4 

834180 
834325 

335 
325 

863Z?6 

197 
J97 

970416 
970669 

422 
422 

029584 
029331 

u 

5 

834460 

225 

863538 

197 

970933 

422 

028825 

55 

6 

834505 
834^0 

225 

863419 

197 

971175 

422 

54 

I 

325 

863301 

197 

971439 

422 

028571 

53 

335 

863 i83 

197 

971683 

422 

0283 18 

52 

9 

ly 

334 

863o64 

\U 

971935 

422 

028065 

5i 

10 

324 

863946 

973188 

422 

027812 

5o 

11 

13 

0.835269 
835403 

224 
234 

9.863837 
863709 
863596 

\fs 

9.973441 
973695 

422 

422 

10-027550 
02730D 

t 

i3 

835538 

334 

198 

972948 

422 

02Jo52 

U 

14 

835673 

324 

862471 
862353 

198 

973201 

422 

i5 

835807 

334 

198 

973454 

422 

O26D40 

45 

i6 

835941 

324 

862234 

198 

973707 

422 

026293 

44 

\l 

836075 

333 

862115 

198 

973960 

422 

026040 

43 

836200 
836343 

323 

861996 

198 

974313 

422 

025787 

025534 

43 

>9 

223 

861877 

198 

974466 

422 

41 

30 

836477 

223 

861756 

199 

974720 

422 

025280 

40 

21 

0.836611 

223 

9.861638 

199 

9.974973 

422 

10-025027 

U 

22 

836745 
836878 
837013 

223 

86i5i9 

199 

975226 

422 

024774 

024521 

024268 

23 
24 

233 
333 

861400 
861280 

199 
199 

975479 
975732 

422 
422 

U 

25 

837146 

332 

861 161 

199 

975985 

422 

02401 5 

35 

26 

837279 

222 

861041 

199 

976238 

422 

023762 
023500 
023256 

34 

11 

837413 
837546 

222 
222 

860922 
860802 

199 
199 

976491 
976744 

422 
422 

33 

33 

29 

837679 

223 

860682 

200 

976907 
977260 

422 

023oo3 

3i 

36 

837813 

322 

86o562 

200 

422 

022750 

3o 

3i 

'•W 

222 

9.860443 

300 

9.977503 

422. 

10-022497 

^ 

33 

221 

86o322 

300 

977756 
978009 

422 

022244 

33 

83831 1 

331 

860202 

300 

422 

021901 
021738 

U 

34 

838344 

331 

860082 

300 

978262 

422 

35 
36 

838477 
838610 

321 
321 

iP^i 

200 
300 

9785i5 

978768 

422 
422 

021485 

021232 

35 

24 

ll 

838743 
838875 

331 

859^" 

201 

979021 

422 

020970 
020726 

33 

331 

201 

979274 

422 

33 

39 

839007 

331 

859480 

201 

979527 

422 

020473 

31 

40 

839140 

330 

859360 

201 

979780 

423 

020320 

30 

41 

9.839372 

330 

9-859239 

301 

9.980033 

423 

10-019967 

;? 

43 

"^  839404 

320 

8501 19 

301 

980286 

422 

OI9714. 

43 

839536 

330 

856990 

301 

980538 

422 

019462 

\i 

44 

839668 

320 

8587?2 
858635 

301 

980791 

421 

019209 
018956 

45 

839800 

330 

302 

981044 

421 

i5 

46 

839933 

330 

202 

tlV, 

421 

018703 

14 

% 

840064 

319 

858514 

202 

421 

018450 

i3 

840196 

319 

858393 

202 

981803 

421 

018197 

13 

49 

840338 

319 

858212 
858i5i 

202 

982056 

431 

017044 
OI769I 

11 

56 

840459 

219 

203 

982309' 

431 

10 

5i 

9.840591 

319 

9-858029 
857908 

303 

9.982562 

431 

10-017438 

? 

53 

840723 
840854 
840985 

319 

303 

982814 

421 

017186 
016933 
016680 

53 
54 

319 

857786 
857665 

303 
203 

983067 
983320 

421 
421 

I 

55 

841116 

857543 

3o3 

983573 

421 

016427 

5 

56 

841247 
841378 
841509 

218 

857422 

3o3 

983826 

431 

016174 

4 

U 

3l8 
318 

857300 

856934 

303 
203 

$$ll 

431 

421 

015921 
015668 

3 

3 

59 

841640 

3l8 

203 

984584 

421 

oi54i6 

I 

66 

84177 1 

218 

203 

984837 

421 

oi5i63 

0 

18] 
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D. 

Bine. 

D. 

CoUnf. 

D. 

Tang. 

/ 

JO 
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440 

1350 

r 

Sine. 

D. 

CMine. 

D. 

Tang. 

D. 

Cotonf. 

/ 

0 

9-84i77« 

ai8 

9.856o34 
856812 

203 

9»L,  -.t.-^"^ 

421 

lo*oi5i63 

77 

I 

841902 

2l3 

203 

985090 

421 

oi-rrno 

u 

2 

842033 

218 

856690 
856568 

204 

935343 

421 

01.3  ■■J  7 

3 

842163 

217 

204 

985596 

421 

OM404 

57 

4 

842294 

217 

856446 

204 

.98584^ 

421 

014 1 5a 

56 

5 

842424 

217 

856323 

204 

986101 

421 

013890 
013646 

55 

6 

842555 

217 

856261 

204 

986354 

421 

54 

I 

842685 

217 

856078 
8559*6 
855833 

204 

986607 

421 

oi33oJ 

53 

842815 

217 

204 

986860 

421 

0,1.^. 

52 

9 

842946 

217 

204 

987112 

421 

01.^ — 

5i 

10 

843076 

217 

8557 I I 

205 

987365 

421 

012635 

5o 

II 

9 '843206 

216 

9-855588 

205 

9.98:-r^ 

421 

IO'OI2382 

^ 

la 

843336 

216 

855465 

205 

98-^7 t 

421 

012129 

i3 

843466 

216 

855342 

205 

98' 12.^ 

421 

011877 

il 

14 

8435o5 
843^55 

216 

855219 
855096 

205 

98  ■->-'' 

421 

01 1624 

i5 

216 

205 

98s.. -j.j 

421 

OII37I 

45 

i6 

216 

854973 
8548io 

205 

98V-.HJ 

421 

01III8 

44 

;j 

843984 

216 

2o5 

98.fcI-[ 

421 

■  010866 

43 

844II4 

2l5 

854727 
8546o3 

206 

98, ..7 

421 

oio6i3 

42 

19 

844243 

2l5 

206 

989640 

421 

oio36o 

41 

20 

84437a 

2l5 

854480 

206 

989893 

421 

010107 

40 

21 

9-844502 

ai5 

9-854356 

206 

9-990145 

421 

10*009855 

i§ 

22 

844631 

2l5 

854233 

206 

'5?o3o8 
99065 I 

421 

009602 

23 

844760 
844685 
845018 

2l5 

854109 
853986 
853862 

206 

421 

009349 

ll 

35 

24 

25 

ai5 

2l5 

206 
206 

990903 
991166 

421 
421 

008844 

26 

845147 
845276 

2l5 

853738 
853614 

206 

991409 

421 

008691 
008338 

34 

^? 

214 

207 

991662 

421 

33 

845405 

214 

853490 
853366 

207 

99»9i4 

421 

008086 

32 

29 

845533 

214 

207 

992167 

421 

007833 

3i 

36 

845662 

214 

853242 

207 

992420 

421 

007680 

3o 

3i 

9.845790 

214 

9-853118 

207 

9.992672 

421 

10.007328 

ll 

32 

845919 

214 

852745 
852620 

207 

992925 

421 

^V.l 

33 

846047 
846175 

214 

207 

993178 
9934J1 

421 

ll 

34 

214 

207 

421 

006669 

35 

846304 

214 

III 

993683 

421 

oo63i7 

25 

36 

846432 

2l3 

.  852496 

9^3936 

421 

006064 

24 

^2 

846560 

2l3 

852371 

ao8 

994189 

421 

oo58ii 

23 

846688 

2l3 

852247 

208 

994441 

421 

005559 
oo53o6 

22 

39 

-   846816 

2l3 

852122 

208 

994694 

421 

21 

40 

846944 

2l3 

851997 

208 

994947 

421 

oo5o53 

20 

41 
42 

9-847071 
84- ni 

2l3 
2l3 

9.851872 
851747 

851^22 

208 
208 

'■^l\f. 

421 

421 

10.004801 
004548 

;s 

43 

S4^   r 

2l3 

208 

995705 

421 

004295 

'7 

44 

ba-  . "'  V 

212 

851497 

209 

995967 

421 

004043 

16 

45 

84-  '2 

212 

85i372 

209 

996210 

421 

003790 
oo3M7 
003285 

i5 

46 

84"'.. 

212 

851246 

209 

996463 

421 

14 

% 

84"-  ■■■.. 

212 

85ii2i 

209 

996715 

421 

i3 

84-iyi 

212 

850996 
.  850870 

209 

9^8 

421 

oo3o32 

12 

49 

84Nr,l 

212 

209 

997221 

421 

002779 
002527 

11 

5o 

84 ---i-^ 

212 

850745 

209 

997473 

421 

10 

5i 

9 •848345 

212 

9.850619 
850493 
85o368 
85o242 

209 

9.997726 

421 

10.002274 

2 

52 

848472 

211 

210 

997979 

421 

002021 

53 
54 

848599 
848726 
848852 

211 
211 

210 
210 

99823! 
998484 

421 
421 

^l?t? 

2 

55 

211 

85oii6' 

210 

998737 

421 

001263 

5 

56 

848970 
849106 

211 
211 

s^, 

210 
210 

998989 
999242 

421 

421 

OOIOII 

000768 
ooo5o5 

4 
3 

849232 

211 

849485 

210 

999495 

421 

2 

U 

849350 
849485 

211 
211 

210 
210 

999747 
10.000000 

421 
421 

000253 

10*000000 

I 
0 

/ 

Coune. 

D. 

Sine. 

D. 

CoUng. 

D. 

Tug. 

/ 

18 

4« 

___ 

4»o| 
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TABLE   III., 

OF 

NATURAL   SINES   AND   TANGENTS; 

TO 
EVERY  DEGREE  AND  MINUTE  OF  THE  QUADRANT. 


If  the  given  angle  is  less  than  45^,  look  for  the  degrees  and  the  title  of  tha 
oolanm,  at  the  top  of  the  page ;  and  for  the  minutes  on  the  U/t  Bnt  if  the  angle 
is  between  45^^  and  90^,  look  for  the  degrees  and  the  title  of  the  column,  at  the 
bottom;  and  for  the  minutes  on  the  rigU. 

The  Secants  and  Cosecants^  which  are  not  inserted  in  this  table,  may  be  easily 
supplied.  If  I  be  divided  by  the  cosine  of  an  arc,  the  quoticDt  will  be  the  secant 
of  that  arc.    And  if  i  be  divided  by  the  line,  the  quotient  will  be  the  cosecant. 

The  values  of  the  Sines  and  Cosines  are  less  than  a  unit,  and  are  given  an  deci- 
mals, although  the  decimal  point  is  not  printed.  So  also,  the  tangents  of  arcs  less 
than  45^^,  and  cotangents  of  arcs  greater  than  4^^,  are  less  than  a  unit  and  are  ei- 
pressed  in  decimals  with  the  dedmal  point  omitted. 
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t 

0«^ 

1° 

20 

8° 

4° 

/ 

Sine. 

Codne. 

Sine. 

Codne. 

Bine. 

Codne. 

Sine. 

Codne. 

Sine. 

Codne. 

0 

OOOOO 

Unit. 

01745 

99985 

03490 

^§ 

o5234 

99863 

06976 

99756 

60 

I 

00029 
00058 

Unit. 

01774 
oi8o3 

99984 

o35i9 
03548 

05263 

99861 

07005 

99754 

% 

2 

Unit. 

99984 

"^l 

05292 

99860 

07034 

99752 

3 

OOIIO 

Unit. 

01832 

99983 

036^2 

05321 

^9858 

07063 

99750 

% 

4 

Unit. 

01862 

99983 

99935 

o535o 

%^ 

07092 

99748 

5 

00145 

Unit. 

01891 

99982 

03635 

99934 

a 

07121 

99746 

55 

6 

00175 

Unit. 

01920 

99982 

o3664 

99933 

99854 

07i5o 

99744 

54 

I 

00204 

Unit. 

01949 
01978 

99981 

03693 

99932 

05437 
o546i 

99852 

^J2§ 

99742 

53 

00233 

Unit. 

99980 

03723 

99931 

99851 

99740 

52 

9 

00262 

Unit. 

02007 

02030 

99«,8o 

03752 

99930 

05495 

99849 

V^^ 

99738 

5i 

10 

00291 

Unit. 

99979 

03781 
o38io 

99929 

o5524 

99846 

99736 

5o 

11 

00320 

99999 

o2o65 

99979 
99978 

99927 
99926 

05553 

07295 

99734 

% 

12 

00349 
00378 

99999 

02094 

0386? 

05582 

99844 

07324 

99731 

i3 

99999 

02123 

99977 

99925 

o56ii 

99842 

07353 

99729 

% 
45 

14 
i5 

00407 

00436 

99999 
99999 

021 52 

02I8I 

99977 
99976 

03926 

99924 
99923 

o564o 
05669 

99841 
99839 

07382 
07411 

99727 
99725 

i6 

00465 

99999 

0221 1 

99976 

03955 

99922 

05698 

99838 

07440 

99723 

44 

\l 

00495 

99999 

02240 

99975 

03984 

99921 

°^^ 

99836 

S749? 

99721 

43 

oo524 

3 

02269 
02298 

99974 

040 1 3 

99919 
99918 

99834 

99719 
99716 

42 

»9 

00553 

99974 

04042 

05785 
o56i4 

99833 

c?is 

41 

20 

00582 

99998 

02327 

02356 

99973 

04071 

99917 
99916 

99831 

99714 

40 

21 

006 11 

99998 

99972 

04100 

o5844 

99829 

07585 

99712 

^ 

22 

00640 

99998 

02385 

99972 

04129 

99915 

05873 

99826 

07614 

99710 

23 

00669 

99998 

02414 

99971 

041  5q 
041 88 

99913 

05902 

07643 

99708 

^ 

24 

00698 

99998 

02443 

99970 
99969 

99912 

05931 

99824 

07672 

99705 

25 

00727 
00756 

99997 

02472 

04217 
04246 

9991 1 

05960 

99822 

07701 

99703 

35 

26 

99997 

025oi 

g 

99910 

^?? 

99821 

07730 

34 

29 

00785 

99997 

o253o 

04275 

99909 

99819 

°'7759 
07188 

99690 

33 

00814 
00844 

99997 
99996 

o256o 
0258o 
•02618 

99966 

04304 
04333 

99907 
99906 

06047 
06076 

998IT 
99815 

99694 

32 

3i 

3o 

00873 

99996 

99966 

04362 

99905 

o6io5 

99813 

99692 

So 

3i 

00902 

99996 

02647 
02676 

99965 

04391 

99904 

061 34 

99812 

07875 

99689 

^ 

32 

00931 

99996 

99964 

04420 

99902 

o6i63 

99810 

07904 

s 

33 

00960 

99995 

02705 

99963 

04449 
04478 

99901 

06192 

99808 

07933 

S 

34 

01018 

99993 

02734 

99963 

?^ 

06221 

99806 

07962 

99683 

35 

99995 

02763 

99962 

l'^ 

o625o 

99804 

07991 

odo20 

99680 

25 

36 

01047 
01076 

99995 

02792 
02821 

99961 

?^^ 

^52? 

99803 

99678 

24 

3? 

99994 

99960 

04565 

99801 

08049 
08078 

99676 

23 

38 

oiio5 

99994 

o285o 

99959 

04594 

99894 

06337 
06366 
06395 

99799 

99673 

22 

39 
40 

oii34 
01164 

99994 
99993 

02870 
02908 

99950 
99958 

04623 
04653 

99893 
99892 

99797 
99795 

08107 

o8i36 

^ 

21 
20 

41 

01 193 

99993 

02938 

99957 

04682 

06424 

99793 

o8i65 

99666 

:s 

42 

01222 

99993 

02967 
02996 

99956 

047 1 1 

99800 

06453 

99792 

08194 

99664 

43 

0125l 

99992 

99955 

04740 

99880 

06482 

'^^ 

08223 

99661 

'7 

44 

01280 

99992 

o3o25 

99954 

04760 
0479S 

99886 

o65ii 

08252 

99659 

16 

45 

oi3o9 

99991 

o3o54 

99953 

99885 

o654o 

99786 

08281 

99657 

i5 

46 

01338 

99991 

o3o83 

99952 

04827 
04856 

99883 

o656o 
06598 

99784 

o83io 

99654 

14 

% 

01367 
01396 

99991 

03ll2 

99952 

99882 

99782 

08339 
08368 

99652 

i3 

99990 

o3i4i 

99951 

04885 

99881 

06627 
06656 
06685 

99780 

99649 

12 

t 

01425 
01454 

99900 
99989 

03170 

99950 

04914 
04943 

^8?? 

99778 
99776 

» 

99647 
99644 

II 
10 

5i 

01483 

99989 

04972 

99876 

06714 

99774 

08455 

99642 

% 

52 

oi5i3 

Z^ 

o3257 
03286 

99947 
99946 

o5ooi 

99875 

06743 

99772 

08484 

99639 

53 

01542 

o5o3o 

99873 

1^. 

99770 
99768 

o85i3 

^? 

I 

54 

01571 

99988 

o33i6 

99945 

o5o59 
o5o88 

99872 

08542 

55 

01600 

99987 

03345 

99944 

"^ 

o683i 

99766 

08571 

99632 

5 

56 

01629 
01658 
01687 
01*716 

99986 

03374 

99943 

o5ii7 
o5i46 
05175 

06860 

99764 

08600 

99630 

4 

% 

o34o3 
03432 

99942 
99941 

^ 

06889 
06918 

99762 
99760 

08629 
08658 

^'? 

3 
2 

59 

99985 

03461 

99940 

o52o5 

99864 

06976 

99758 

08687 
08716 

99622 

I 

6o 

01745 

99985 

03490 

99939 

05234 

99863 

99756 

99619 

0 

/ 

Codne. 

Sine. 

Codne. 

Sine. 

Codne. 

Sine. 

Codne. 

Sine. 

Codne. 

Sine. 

/ 

89° 

88° 

87° 

86° 

86° 
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6°. 


Sine     Coiine. 


08716 
08745 
08774 
o86o3 
o883i 
08860 
08889 
08918 
08947 
08976 
09005 
09034 
09063 
09092 
09121 
09160 

09170 
09208 
09237 
09266 
09295 
09324 
69353 
09382 
0941 1 
09440 
09460 
09490 
09527 
09550 
09585 

09614 
09642 
09671 
09700 
09720 
09758 

09816 
09845 
99874 
09903 
09932 
09961 
09990 
10019 

10048 
10077 
10106 
ioi35 
10164 
10192 
10221 

I025o 

10279 
io3o8 
10337 
io366 
10395 
10424 
10453 


99619 
99617 
99614 
99612 
99609 
99607 
99604 
99602 
99590 
99596 
99594 

99588 
99586 
99583 
99580 

99578 
99575 
99572 
99570 
99367 
99^64 
99562 

99556 
99553 
99551 
99548 
9q545 
99542 
99540 

99537 
99534 
99531 
99528 
99626 
99523 
99620 
99517 
99614 
99611 
99608 
99606 
99603 
99600 
99497 
99494 
994QI 
99488 
99485 
99482 

99479 
99476 
99473 
99470 
99467 
99404 
99461 
99468 
99456 
99462 


Corine.     Bine. 


84<> 


6° 


Sine.    Cosine. 


0463 
0482 
o5ii 
0640 
0669 

0626 
o665 
0684 
0713 
0742 
op  I 
0800 
0829 
0868 


0916 

0946 

0973 

002 

o3i 

060 

??§ 

205 

234 
263 
291 

320 

349 
378 
407 
436 
465 
494 
623 
662 
58o 
609 
638 
667 
696 
726 
754 

If. 

840 


986 

014 

2043 

1071 

!IOO 

129 

2168 

2187 


Cotine.     Sine, 


88<> 


99462 
99440 
99446 
99443 
99440 
99437 
99434 
99431 
99428 
99424 
99421 
99418 
99416 
99412 
99400 
99406 

99402 
99390 
99396 
99393 

?^?^ 

99383 
99380 
99377 
99374 
99370 
99367 
99364 
99360 
99357 

99364 
99361 
99347 
99344 
99341 
99337 
99334 
99331 
09327 
69324 
99320 
99317 
993i4 
99310 
99307 
993o3 
99300 
99297 
99293 

^X 

99283 
99270 
99276 
99272 
99260 
99266 
99262 

99266 


Sine.    Coaine. 


2187 
2216 
2245 
2274 
2302 

233 1 
236o 
2389 
2418 
2447 
2476 
2604 
2633 
2662 
2691 
2620 

2649 

2678 
2706 
2735 
2764 
2793 
2822 
2861 
2880 
2908 
2937 
2966 
2996 
3o24 
3o63 

3o8i 
3iio 
3i39 
3i68 

3220 

3254 
3283 
33ia 
3341 
3370 
3399 
3427 
3466 
3486 

35i4 
3643 
357a 
36oo 
3629 
3658 
3687 
3716 
3744 

3do2 
383i 
386o 
3889 
3917 


99266 
99261 
99248 
99244 
99240 

9923j 
99230 
99226 
99222 
99210 
99216 
9921 1 
99208 
99204 
99200 

99*97 

99193 

991 

9911^ 

99182 

99178 

99176 

99171 

99167 

99163 

99160 

99166 

99162 

99*48 

99144 

99141 

q9l3i 
99120 
99126 
99122 
99118 
99"4 
99110 
9^106 
99102 
99098 
99094 
99001 
99087 

99083 

9907? 
99076 
99071 
99067 
99063 
99060 
99066 
99061 
99047 
99043 
99o3o 
99036 
9903 1 
99027 


Codne.     Sine, 


82° 


8° 


Sine.    Codne. 


?9n 
3946 

3976 
4004 
4o33 
4061 
4090 
4119 
4148 

4177 
4206 
4234 
4263 
4292 
4320 
4349 

4378 
4407 
4436 
4464 
4493 
4622 
465i 
4680 
4608 
4637 
4666 
4696 
4723 
4752 
4781 

4810 
4838 
4867 
4896 
4926 
4954 
4982 
6011 
6040 
6069 

^ 

5i65 
6184 
6212 

6241 
6270 

6327 
5366 
5386 
5414 
5442 
5471 
6600 
6629 
5557 
658i 
56i6 
6643 


99027 
99023 
99010 
99016 
99011 
99006 
99002 
98998 
98994 


98982 
9?978 
98973 


9896^ 

98961 

98953 
98948 
98944 
98940 
98936 
98931 

95927 
98923 
98919 
989*4 
08910 
98906 
98902 


98876 


98864 


98800 
98796 

9?79* 
98787 
98782 

9?77? 
98773 

98769 


Coaine.     Sine, 
81<> 


90 


Sine.    Cotine. 


6643 
6672 
6701 
6730 
6768 

6846 

5a73 
6902 

5931 

6017 
6040 
6074 

6io3 
6i32 
6160 
6189 
6218 
6246 
6276 
63o4 
6333 
636i 
6390 
6419 
6447 
6476 
66o5 

6533 
666a 
6691 
6620 
6648 

6700 
6734 
6763 

Ull 

6849 
6878 
6906 
6935 

6964 
6992 
7021 
7060 
7078 
vol 
7i36 
7164 
7193 
7222 
7260 

7336 
7365 


98769 
98764 
98760 
98755 
98761 
98746 
98741 

9?737 
98732 

9?728 
98723 
98718 
98714 
98709 
98704 
98700 

98696 


98681 
98676 

986^7 
98662 
98667 
98662 


98643 
98638 
98633 
98629 

98624 
986>o 
98614 
98609 
98604 
98600 
98696 


98686 
98680 
98676 
98670 
98666 
98661 
98666 

98661 
98646 
98641 
98636 
98631 
98626 
98621 
98616 
986 II 
98606 
98601 
98496 
98491 
98486 
98481 


Coiine.     Sine. 
80° 


60 

u 

65 
64 
63 
62 
61 
60 

it 

ii 

46 

44 
43 
42 
41 
40 

u 

36 
34 
33 

32 

3i 
3o 

II 
U 

25 
24 

23 
22 
21 
20 

\t 
\l 

i5 

14 
i3 
12 
II 

10 
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/ 

10° 

11° 

12° 

18°    1 

.  140 

/ 

Sine. 

Conne. 

Sine. 

Coiine. 

Sine. 

Coaine. 

Sine. 

Corine. 

Sine.  |Codne. 

0 

17365 

98481 

19081 

98163 

ao79l 
ao82o 
20848 

97815 

22495 

97437  jl  24,92 

97o3o 

60 

I 
a 

17393 

I74a2 

98476 
98461 

\l^ 

98157 
98152 

07809 
97803 

22523 
22552 

97430 
97424 

24220 
24249 

97023 
9701 5 

t? 

3 
4 

1 745 1 

19161 
19195 

98146 
98140 

20877 
20005 

97797 
9779' 
97784 

22580 

22608 

97417 
97411 

liVol 

97008 
97001 

tL 

5 

98455 

19224 

98135 

30933 

22637 

22665 

97404 

24333 

^^ 

55 

6 

\fdl 

98450 

1925a 

98129 

30963 

97778 

97398 

24362 

54 

I 

98445 

19281 

98124 

30990 

97772 
97766 

22693 

97364 

24390 

96980 

53 

I759i 

98440 

1933? 

981 18 

3IOI9 

22733 

24418 

^ 

52 

9 

17623 

98435 

98112 

31047 
2,076 

97760 

22750 

97378 

24446 

5i 

10 

1765, 

98430 

19366 

98,07 

97754 

22778 

22807 
22835 

^tll 

24474 

96959 

60 

II 

17680 

98425 

19395 

98,01 

21,04 

97748 

245o3 

96952 

S 

12 

17708 

98420 

19423 

98096 

21l32 

97742 

97358 

2453 1 

96945 

i3 

17737 

98414 

1945a 

98064 

2I161 

97735 

22863 

97351 

24559 

96937 

% 

14 

17766 

98409 

1 948 1 

31180 

aiaid 

97729 
97723 

22892 

97345 

24587 
2461 5 

96930 

i5 

n794 

98404 

19509 

98079 

22920 

97338 

96923 

45 

i6 

17823 

98399 

^953? 

u 

31246 

97717 

22948 

97331 

24644 

96916 

44 

\l 

*7»22 

983^; 

19566 

31375 

97711 

l^l 

973a5 

2467a 

96909 

43 

17880 

19595 

98061 

ai3o3 

IV$ 

97318 

24700 

42 

19 

17909 

98383 

19633 

98056 

ai33i 

23o33 

973 1 1 

34728 

96894 

41 

ao 

17937 

98378 

1965a 

98050 

3i36o 

l]^ 

23063 

97304 

24756 

96887 

40 

ai 

17966 

lllll 

19680 

98044 

21388 

33090 

97298 

24784 

24613 

96880 

^ 

aa 

\lgil 

19709 

tl^ 

2,417 
21445 

97680 

33ii8 

97264 

96873 

a3 

^2^5' 

19737 
19766 

97673 
97667 

23146 

24841 

^866 

37 

24 

i8o52 

98357 

98027 

21474 

23175 

97278 

24869 

96858 

36 

a5 

18081 

98352 

19794 
19823 

98021 

2i5oa 

97661 

23203 

97371 

24897 
24925 

96851 

35 

a6 

18109 
i8i3B 

98347 

98016 

3i53o 

97655 

23231 

97264 

96844 

34 

U 

92^^^ 

^9g5i 

98010 

31559 

97648 

23260 

97357 

24954 

96837 

33 

18166 

98336 

19880 

98004 

a  1587 
ai6i6 

97642 

23288 

97351 

24982 

96839 

3a 

?^ 

18195 

98331 

19908 

97998 

97636 

233,6 

97244 

aSoio 

^6822 

3i 

3o 

i82a4 

98325 

19937 

97992 

21644 

97630 

23345 

97237 

35o38 

96815 

3o 

3i 

18252 

98320 

19965 

97987 

31672 

97623 

23373 

97330 

25o66 

96807 

S 

3i 

18281 

9831 5 

19994 

97981 

21701 

97617 

23401 

97223 

35094 

96806 

33 

34 

iH3o9  9S310 
18338,  98304 

20022 

2005l 

97975 
97969 
97963 

l\]ll 

97611 
97604 

23420 
23458 

97217 
97210 

35l32 

25i5i 

^t 

V. 

35 

18367,9^299 
18395  98294 

20079 

2010^ 

21786 
21814 

97598 

23486 

97203 

25i79 

96778 

25 

36 

97958 

97592 

23514 

97,06 
97189 

25207 

^]V^ 

24 

u 

i8424l9«288 

2oi36 

97952 

21843 

97565 

23542 

25235 

a3 

18452 

982831  20165 

97946 

21871 

97579 

23571 

97182 

25263 

^756 

22 

39 
40 

18481 
i85o9 
18538 

9H277  1  20193 
98272  [  20222 

97940 
97934 

21928 

^t& 

23599 

23627 

23656 

97176 
97169 

25291 
2  53  20 

96749 
96742 

21 

20 

41 

98267 

2025o 

97928 

21956 

97560 

97162 

25348 

96734 

12 

4a 

18567 
18M 

911^1^ 

20279 

97922 

21985 

97553 

23684 

97,55 

25376 

96727 

43 

98256 

2o3o7 
20336 

979,6 

220l3 

97547 

23712 

97148 

25404 

96719 

12 

44 

18624  98250 

97910 

22041 

97541 

23740 

97141 

25432 

9671a 

45 

18652  98245 

2o364 

97905 

22070 

97534 

23769 

97134 

25460 

96705 

i5 

46 

I 868 I  98240 

20393 

g 

22098 

97528 

23797 

97127 

25488 

96697 

14 

% 

18710  98234 

20421 

22126 

97521 

23625 

97120 

255i6 

u 

i3 

18738  98229 

2o45o 

22,55 

9751 5 

23853 

97113 

25545 

12 

P 

Zi 

92"^ 

20178 

97881 

22,83 

97508 

23882 

97106 

25573 

tl^ 

II 

5o 

98218 

2o5o7 
2053* 
20563 

97875 
97869 

32212 

97502 

23910 

97100 

256o, 

10 

5i 
5a 

I8H24 

18852 

98212 
98207 

22240 
22268 

97489 

23938 
23966 

l]^ 

25629 
25657 
2568$ 

96660 
96653 

% 

53 

18881 

98201 

20592 

97857 

22297 
22325 

97483 

23995 

97079 

96645 

I 

54 

'?9I0 

98196 

20620 

97851 

97476 

24023 

irj>i 

25713 

96638 

55 

18938 

98179 

20649 

97845 

22353 

97457 

24o5i 

25741 

96630 

5 

56 

Zi 

20677 
20706 

^^ 

22382 

22410 

24070 
24106 

97058 
97o5i 

96623 
96615 

4 
3 

19024  98174 

I90fti  98168 

20734 

97837 

22438 

97450 

24 1 36 

97044 

96608 

• 

^ 

20763 

97821 

22467 

22493 

97444 

24164 

97037 

25854 

96600 

1 

6o 

19081  98163 

20791 

97815 

97437 

24192 

97o3o 

35882 

06593 

0 

/ 

CoMne. 

Sine. 

Corine. 

Sine. 

Conne. 

Sine. 

Cwine. 

Sine. 

Coune. 

Sine. 

t 

790 

780    II    rj^jo 

760    1 

750 
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/ 

16° 

16° 

17° 

18°    1 

19° 

/ 

Sine. 

C<Mine. 

Sine. 

Cosioe. 

Sine. 

Codne. 

Sine. 

Coune. 

Sine. 

Codne. 

0 

35882 

965?5 

27564 

96136 

29237 

q563o 

30902 

95106 

32557  94552 

60 

I 

25910 

27592 

96118 

29265 ;  95622 

30929 

l^ 

32584  94542 

^ 

2 

25938 

96578 

27620 

96110 

29293 

956i3 

l^U 

32612  94533 

3 

25966 

96555 

27648 

96102 

29321 

956o5 

95079 

32639 

94523 

55 

4 
5 

25994 
26022 

27676 
27704 

tx 

29348 
29376 

955?8 

31012 

3 1 040 

& 

32667 
32694 

94514 
94504 

6 

26o5o 

96547 

27731 

96078 

29404 

95579 

31068 

95o52 

32722 

94495 
94485 

54 

I 

26079 

96540 

27759 

96070 

29432 

lfd[ 

31095 

95043 

32749 

53 

26107 
26i35 

96532 

Itl 

96062 

29460 

31123 

95o33 

32804 

rs 

52 

9 

96524 

96054 

ll^l 

95554 

3ii5i 

95034 

5i 

10 

26163 

96517 

27843 

96046 

95545 

31178 

9501 5 

32832 

94457 

5o 

II 

26191 

96509 

27871 

96037 

29543 

95536 

3i2o6 

95006 

?'?^ 

94447 
94438 

ii 

13 

26219 

96502 

27899 

96029 

29571 

95528 

31233 

94988 

32887 

i3 

26247 
26275 

^X 

IV9^ 

96021 

29599 

95519 

3i26i 

32914 

94428 

ii 

14 

96013 

29626 

q55ii 

31289 

94979 

32942 

94418 

i5 

263o3 

96479 

27983 

96005 

29654 

95502 

3i3iO 

94970 

32969 

94409 

45 

i6 

]l 

>9 

26331 
26359 

964^3 

2801  I 
28039 

l^ 

29682 
29710 

954?5 

3i344 
3i372 

94961 
94952 

32997 
33024 

94399 
94370 

44 
43 

26387 
26415 

96456 
96448 

28067 
28095 

9598. 

29765 

$x 

3i399 

31427 

94943 
94933 

33o5i 
33079 
33io6 

42 
41 

20 

26443 

96440 

28123 

29793 
29821 

95459 

31454 

94924 

94361 

40 

21 

26471 

96433 

28i5o 

95956 

95450 

31482 

94915 

33i34 

94351 

^ 

22 

265oo 

96425 

28178 

95948 

29876 

95441 

3i5io 

94906 

33i6i 

94342 

23 

26528 

96417 

28206 

95940 

95433 

3 1 537 
3i565 

94807 

33189 
33216 

94332 

ll 

24 

26556 

96410 

28234 

95931 

29904 

95424 

94888 

94322 

25 

26584 

96402 

28262 

,95913 

29932 

95415 

31593 

94878 

33244 

943 1 3 

35 

26 

26612 

tlU 

28290 

95915 

29960 

95407 

31620 

ii'U 

943o3 

34 

11 

26640 

283i8 

l^ 

l^l 

31648 

94860 

33298 

942o3 
94284 

33 

26668 

96379 

28346 

31675 

94851 

33326 

32 

11 

26696 
26724 

till 

28374 
28402 

l^. 

30043 
30071 

95380 
95372 

3 1703 
31730 

94842 
94832 

33353 
33381 

94274 
94264 

3i 
3o 

3i 

26752 

96355 

28429 

95865 

30098 

95363 

31758 

94823 

33408 

94254 

Ii 

32 

26780 
26S08 

96347 

28457 
2848$ 

30126 

95354 

31786 
3i8i3 

94814 

33436 

94245 

33 

96340 

95857 

3oi54 

95345 

94805 

33463 

94235 

ll 

34 

26836 

96332 

285i3 

95849 

30182 

9532? 

3 1841 

lit 

33490 

94225 

35 

26804 

96324 

28541 

95841 

3020O 

3i868 

335i8 

94215 

25 

36 

26892 

96316 

28569 

95832 

30237 
30265 

95319 

31896 

l%u 

33545 

94206 

24 

ll 

26920 

96308 

2862? 

95824 

95310 

31923 

33573 

t^^^ 

23 

26948 

963oi 

95816 

30292 

95301 

3i95i 

94758 

33600 

22 

39 

26976 

962^5 

28652 

95807 

3o320 

95284 

^;n 

94749 

33627 
33655 

94176 

21 

4o 

27004 

28680 

95799 

3o348 

94740 

94167 

20 

4i 

27032 

96269 

28708 

$% 

30376 

IF 

32o34 

94730 

33682 

94 137 

;? 

42 

27060 

28736 

3o4o3 

32061 

94721 

^3710 

94147 

43 

27088 

96261 

28764 

lt\l^ 

3o43i 

9524^ 

32089 
32116 

94712 

^737 

94137 

u 

44 

27116 

96253 

'^l 

3o45o 
30486 

94702 
94693 

33764 

94127 

94118 

45 

27144 

96246 

95757 

95240 

32144 

33792 

i5 

46 

27172 

96238 

28847 
28875 
28903 

95749 

3o5i4 

9523 1 

32171 

94684 

33819 
33846 
33874 

94108 

14 

ii 

27200 
27228 

96230 
96222 

95740 
95732 

3o542 
3o57o 

95222 
95213 

32199 
32227 

94674 
94665 

lit 

i3 
12 

49^ 

27256 

96214 

28931 

95724 

30597 
30626 

95204 

32254 

94656 

33901 

94078 

II 

56 

27284 

96206 

28959 

957.5 

$t 

32282 

94646 

Ii 

94068 

10 

5i 

27312 

96198 

2898] 
2901D 

l^ 

3o653 

32309 

94637 

94o58 

t 

52 

27340 

96190 
96182 

3o68o 

$\u 

32337 

94627 

33983 

94049 

53 

27368 

29042 

& 

30708 

32364 

94618 

34011 

94039 

I 

54 

27396 

96174 
96166 

29070 

30736 

95159 

32392 

94609 

34038 

94029 

55 

27424 

29098 

l^l 

30763 

95i5o 

32419 

94599 

34065 

94019 

5 

56 

27452 

96158 

29126 

30846 

95142 

32447 

lll^ 

34093 

94009 

4 

ll 

27480 

96i5o 

29154 

95656 

95i33 

32474 

34120 

l^ 

3 

27508 

96142 

29182 

95647 

95124 

32502 

94571 
94561 

34147 
34175 

2 

59 

27536 

96134 

29209 

95639 

30874 

95ii5 

32529 

^^ 

I 

6o 

27564 

96126 

29237 

95630 

3090a 

95106 

32557 

94552 

34202 

0 

/ 

Co«ne. 

Sine. 

Codne. 

Sine. 

Coune. 

Sine. 

Codne. 

Sine. 

Codne. 

Sine. 

/ 

740 

78° 

72° 

71° 

70° 
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/ 

20° 

21° 

22° 

28°    1 

24°    1 

/ 

Sine. 

Coune. 

Sine. 

Codne. 

Bine. 

Coiine. 

Bine. 

Cwine. 

Bine. 

Coa'ne. 

0 

34202 

93969 

llfj 

93358 

i'^^t 

92718 

39073 

92o5o 

40674 

91355 

IT 

I 

34229 

93959 

35864 

93348 

37488 

92707 

39100 

92o3o 
92028 

40700 

91343 

u 

2 

34257 

93949 

35891 

93337 

375i5 

9262Z 

'^11 

40727 
40753 

9i33i 

3 

34284 

93939 

35918 

93306 

37542 

92016 

91319 

55 

4 
5 

343 1 1 
34339 
34366 

93929 
93919 

35945 
35973 

3759? 

92664 

39180 
39207 

92005 
91904 
91982 

40780 
40806 

91307 
91283 

6 

36000 

IS 

37622 

92653 

39234 

40833 

54 

I 

34393 

93809 

36027 

l^t 

92642 

39260 

91971 

40860 

91272 

53 

34421 

93809 

36o54 

93264 

9263 1 

39287 

40886 

91260 

52 

9 

34448 

If^ 

36o8i 

37703 

92620 

39314 

91940 

40913 

91248 

5i 

10 

34475 

36io8 

93253 

37730 

92600 

39341 

91936 

1^ 

91236 

5o 

II 

345o3 

93859 

36i35 

93243 

37757 

925o8 

393d  7 

91925 

91224 

S 

12 

34530 

93849 

36162 

93232 

?S?f 

92565 

39394 

9i9>4 

40992 

91212 

i3 

34557 

93839 

36190 

93222 

39421 

91002 
91891 

41010 
41045 

91200 

U 

14 

34584 

93329 

36217 

93211 

37838 

39448 

91188 

i5 

34612 

93819 

36244 

93201 

37865 

92554 

39474 

91879 

41072 

91176 

45 

i6 

34630 
34666 

93809 

36271 

93180 

3789J 

92543 

39501 

91868 

41098 

91164 

44 

\l- 

$]^ 

36298 

l]U 

92532 

39528 

91856 

41 1 25 

91 1 52 

43 

34694 

36325 

93169 

92521 

39555 

91845 

4ii5r 

91140 

42 

19 

34721 

^?2^ 

36352 

93i5o 
93148 

37973 

92510 

39581 

91833 

41178 

91128 

41 

20 

34748 

364^ 
36434 

38o53 

92488 

39608 

91822 

41204 

91116 

40 

21 
22 

34?o3 

$]^ 

93137 
93127 
931 16 

39635 
39661 

91810 
91709 

91787 
9177$ 
91764 

4i23i 
41257 

91104 
91002 
91080 

U 

23 

34830 

$3738 

36461 

38o8o 

39688 

41284 

U 

24 

34857 

93728 

36488 

93106 

38107 

92455 

39715 

4i3io 

91068 

25 

34884 

9?7i8 

365i5 

93S4 

38i34 

92444 

39741 

41337 
41363 

9io56 

35 

26 

34912 

$1$ 
93688 

36542 

38i6i 

Q2432 

39768 

91752 

91044 

34 

11 

li^ 

36569 
36596 

93074 
93o63 

38i88 
38215 

92421 
92410 

IX 

91741 
91720 
91718 

41390 
41416 

91032 
91020 

33 

32 

29 

34993 

$U] 

36623 

93o52 

38241 

& 

39848 

41443 

91008 

3i 

36 

35021 

3665o 

93C42 

38268 

39875 

91706 

41469 

90996 

3o 

3i 

35048 

93657 

36677 

93o3i 

38295 

t^ 

39902 

Dt^ 

41496 

90984 

U 

32 

35075 

93647 

36704 

93020 

38322 

39928 

4l522 

90972 
90960 
90948 

33 
34 

35io2 

r35l30 

^d 

36731 
36758 

93010 

3 

38340 
38376 

92355 
92343 

39955 
39982 

?JSi 

lii,^ 

U 

35 

35i57 

936>6 

36785 
368i2 

38403 

92332 

40608 

91648 

41602 

90936 

25 

36 

35i84 

93606 

92978 

38430 

92321 

4oo35 

91636 

41628 

90924 

24 

U 

352II 

ll^. 

36839 

38456 

923io 

40062 

91625 

4i655 

23 

35239 
35266 

36867 

38483 

92299 
92287 
92276 
92265 

40088 

91613 

41681 

90809 

22 

39 

^1 

36894 

92945 

38510 

401 1 5 

91601 

41707 

s 

21 

40 

35293 

36921 

92935 

38537 

40141 

91590 

41734 

20 

41 

35320 

93555 

36948 

92924 

38564 

40168 

l\t& 

41760 

\t 

42 

35347 
3537* 

93544 

36975 

92913 

38591 

92254 

40195 

41787 

9o85i 

43 

93534 

37002 

92002 

38617 

92243 

40221 

91555 

4;8i3 

90826 

\l 

44 

35402 

93524 

1]IU 

92802 

38644 

92231 

40248 

91543 

41840 

45 

35429 

93514 

92881 

38671 

92220 

40275 

9i53i 

41866 

90814 

i5 

46 

35456 

935o3 

37083 

ix 

38698 

92200 
92108 
92186 

4o3oi 

& 

41892 

90802 

14 

% 

35484 

934?3 

37110 

38725 

4o328 

Zl 

90790 

i3 

355ii 

37137 

92816 

38752 

4o355 

91406 
91484 
91472 
91461 

90778 

12 

n 

35538 
35565 

93402 

37164 
37191 

llsi 

92115 
92164 

4o38i 
40408 

f^^ 

90766 
90753 

•II 
10 

5i 

35592 

93452 

37218 

38832 

92 1 52 

40434 

42024 

90741 

I 

52 

35619 

93441 

37245 

92805 

38859 
38886 

92I4I 

40461 

91449 

42o5i 

90729 

53 

35647 

93431 

37272 

927^4 

92i3o 

40488 

91437 
91425 

42077 

90717 

I 

a 

35674 

93420 

l]in 

38912 

92119 

4o5i4 

42104 

90704 

55 

35701 

93410 

92773 
92762 

l^ 

40541 

91414 

42i3o 

90602 

5 

56 

35728 

93400 

37353 

92006 

40567 

91402 

42i56 

90680 

4 

u 

59 

35755 

93389 

37380 

92751 

38993 

92085 

40594 

91390 

42183 

90668 

3 

35782 
35610 

lllu 

37407 
37434 

92740 
92720, 
92718 

39020 
39046 

92073 
92062 

40621 
40647 

i^n 

42200 
42235 

Q0655 
90643 

9 

I 

60 

35837 

93358 

37461 

39073 

92o5o 

40674 

91355 

42262 

Oo6.3f 

0 

f 

CoiiDe. 

Sine. 

Coiine. 

Bine. 

Codae. 

Sine. 

Codne. 

Bine. 

Conne. 

Bine. 

/ 

690 

68°    1    67* 

66° 

65° 
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/ 

26° 

26° 

27° 

28°    1 

29° 

/ 

Sine. 

Cosine. 

Sine. 

Cwine. 

Bine. 

Cosine. 

Sine. 

Coine. 

Sine. 

Coeine. 

0 

I 

42262 

42288 

9063 1 
90618 

43837 
43863 

^ 

$^ 

89101 

89087 

4697^ 

88295 
88281 

48481 
485o6 

87462 
87448 

60 

It 

2 

423 1 5 

90606 

43889 
43916 

89854 

45451 

pi 

46999 

88267 

48532 

87434 

3 

42341 

V.^i 

89841 

tlUl 

47024 

88254 

48557  87420 
48583  '  87406 

u 

4 

42367 

43942 

89828 

89048 

47o5o 

88240 

5 

42394 

90569 

43^ 

89816 

45529 

89035 

47076 

88226 

48608  1  87391 

55 

6 

42420 

& 

43994 

89803 

45554 

89021 

47101 

88213 

48634  87377 
48659  1  87363 

54 

I 

42446 

44020 

89790 

45580 

s 

47127 
47153 

^:?? 

53 

42473 

9053  2 

44046 

^lU 

456o6 

48684 

87349 
87335 

52 

9 

42525 

90520 

44072 

45632 

47178 

88172 

881 58 

48710 

5i 

10 

90507 

44098 

8^752 

45658 

88968 

47204 

48735 

87321 

5o 

II 

42552 

90495 

90483 

44124 

8q73o 
89726 

45684 

88955 

47255 

88144 

4H761 

87306 

it 

12 

42578 

44i5i 

45710 

88942 

88i3o 

48786 
48811 

87292 

i3 

42604 

^% 

44177 
44203 

8?7i3 

45736 

88928 

47281 

88117 
88io3 

Zil 

% 

14 

4263 1 

^? 

45762 

88915 

47306 

48837 

i5 

42657 

90446 

44229 

45787 

88902 

47332 

88089 

48862 

87250 

45 

i6 

42683 

90433 

44255 

89674 

458i3 

88888 

47358 

88075 
88062 

48888 

87235 

44 

\l 

42736 

90421 

44281 

89662 

45830 
45865 

88875 

47383 

48913 

87221 

43 

90408 

44307 
4433i 

89649 

88862 

47409 

88048 

48938 

87207 

87193 

42 

»9 

42762 

^t 

89636 

45891 

88848 

47434 

88o34 

48964 

41 

ao 

42788 
42815 

44359 
44385 

89623 

45917 

88835 

47460 

88020 

48989 

87178 

40 

21 

& 

89610 

45942 

88822 

47486 

88006 

49014 

87164 

ll 

22 

42841 

4441 1 

nfi 

45968 

88808 

475 1 1 

87993 

49040 

87150 

23 

42867 

90346 

44437 

45994 

^t 

47537 

l]V>'^ 

49065 

87136 

37 

24 

42894 

90334 

44464 

895?8 

46020 

47562 

49090 

87121 

36 

25 

42920 

90321 

44490 

46046 

88768 

47588 

87961 

49116 

87107 

35 

26 

42946 

90309 

445 16 

89545 

46072 

88755 

47614 

t^tl 

49141 

87093 

34 

11 

42972 

90284 

44542 

89532 

til 

gS74i 

47639 

49166 

87079 
87064 

33 

ii^ 

44568 

^^i? 

5?728 

4766D 

87009 

49192 

^\ 

29 

90271 
90269 

44594 

46149 
4617D 

88715 

47690 

87096 

49217 

87050 

3i* 

3o 

43o5i 

44620 

89493 

88701 

47716 

878§2 

49242 

87036 

3o 

3i 

43077 

90246 

44646 

89480 

46201 

88688 

47741 

87868 

49268 

87021 

It 
ll 

32 

33 

43 1 04 
4.3i3o 

90233 
90221 

44672 
44698 

89467 
89454 

46226 
46252 

88674 
88661 

47767 
47818 

87854 
87840 

49293 
49318 

'^ 

34 

43 1 56 

90208 

44724 

89441 

46278 

88647 

87826 

49344 

^l 

35 

43182 

90196 

44750 

89428 

46304 

88634 

47844 

87812 

49369 

25 

36 

43209 
43235 

90183 

44776 
44802 

89415 
89402 

46330 
46355 

88620 

885q] 
8858o 

f.'^ 

P.t. 

49394 
49419 
49443 

^n 

24 

23 

43261 

44828 

89389 
|3^ 

46381 

47920 

8???6 

86921 

22 

39 

43287 

433  li 

90146 

44854 

46407 
46433 

47946 

49470 

86906 

21 

io 

90133 

44880 

88566 

47971 

87743 

49495 

86892 

20 

41 

43340 

90120 

44906 

89350 

46458 

88553 

47997 
48022 

IVvl 

49521 

86878 

86863 

!? 

42 

43366 

90108 

44932 

89337 

46484 

88539 
88526 

49546 

43 

43392 

90095 

44958 

89324 

465 10 

48048 

87701 

49571 

86849 

\l 

44 

434«8 

90082 

44984 

89311 

46536 

88512 

48073 

t]^l 

49596 

86834 

45 

43445 

90070 

45oio 

89298 

46561 

88499 

48099 

49622 

86820 

i5 

46 

43471 

90057 
90045 

45o36 

89285 

46587 
466i3 

88485 

48124 

1?^^? 

49647 

868o5 

14 

tl 

tini 

45062 

89272 
89260 
89245 

88472 
88458 

48i5o 

49672 

86791 

i3 

9003  2 

45o88 

46639 

48175 

87631 

49697 
49723 

^]ll 

12 

49 

43549 
4357? 

90019 

45ii4 

46664 

88445 

48201 

V? 

II 

5o 

45i4o 

89232 

46690 

88431 

48226 

49748 

86748 

10 

5i 

52 

436o2 
43628 

45i66 
45192 

89206 

46716 
46742 

88417 
88404 

48252 
483o] 

875L 

49773 

86733 
867.9 

? 

53 

43654 

8^8 

45218 

89103 
89180 

88390 

86704 
86690 

I 

54 

43680 

89956 

45243 

88377 
88363 

48328 

87546 

49849 

55 

43706 

89943 

45269 
45296 

^M 

48354 

87532 

49874 

86675 
86661 

5 

56 

43733 

89930 

46844 

88340 
88336 

48379 
48406 

87518 

49899 

4 

U 

43750 
43i85 
436n 

89918 

45321 

89140 

46870 

87504 

49924 

86646 

3 

^l 

45347 
45373 

89127 

46896 

88322 

48430 

87490 

49950 

86632 

s 

59 

89114 

46921 

883o8 

48456 

87462 

49975 

86617 
866o3 

I 

6o 

43837 

89879 

45399 

89101 

46947 

88295 

48481 

5oooo 

0 

/ 

CoMne. 

Bine. 

CkMine. 

Sine. 

Cocine. 

Bine. 

Coune. 

Sine. 

Coeine. 

Sine. 

/ 

64° 

68° 

62° 

61° 

60° 
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/ 

80® 

8I0 

82°    1 

ss**   1 

84° 

/ 

Siw. 

CMine. 

Sine. 

Codne. 

Sine. 

Cosine. 

Sine. 

Corine. 

Sine.  Cosine. 

o 

5oooo 

866o3 

5i5o4 

85717 

52992 

848o5 

54464 

83867 

55910  82004  1  60  1 

I 

50026 

86588 

5 1 529 

85702 

53017 

84789 

54488 

83851 

55943  82887 

i? 

2 

5oo5o 

86573 
86569 

5i554 

85687 

5304I 

84774 
84750 
8474J 

545i3 

83835 

55968  82871 
55992  82855 

3 

50076 

5i579 

85672 
85657 

53o66 

54537 

83819 

u 

4 

5oioi 

86544 

5i6o4 

53091 

54561 

83804 

56oi6  82839 

5 

50126 

86530 

51628 

85642 

53ii5 

84728 

54586 

83788 

56o4o  82822 

55 

6 

5oi5i 

865i5 

5i653 

85627 

53 140 

84712 

54610 

83772 
83756 

56o64  82806 

54 

I- 

50176 

86501 

51678 

85612 

53 164 

54635 

56o88  i  82790 

53 

5020I 

86486 

5i7o3 

855?2 

53189 

5465o 
54683 

83740 

56112I  82773 
56i  36  82757 

52 

9 

50227 

86471 

51728 

53214 

84666 

83724 

5i 

10 

50252 

86467 

51753 

85567 

53238 

84650 

54708 

83708 
83692 

56i6o ,  82741 

5o 

Il- 

50277 

86442 

?:&« 

85551 

53263 

84635 

54732 

56184,82724 

^ 

ia 

5o3o2 

86427 
864ii 

85536 

53288 

84619 

54756  836761 

56208  82708 

i3 

5o327 

51828 

85521 

53312 

84604 

54781 

8366o 

56232 

82692  .  47  1 

14 

5o352 

86398 
86384 

5i852 

855o6 

53337 

84588 

548o5 

83645 

56256 

82675 
82659 

46 

i5 

5o377 

51877 

85491 

53361 

84573 

54829 

83629 

56280 

45 

i6 

5o4o3 

86369 

51902 

85476 
85461 

53386 

84557 

54854 

836i3 

563o5 

82643 

44 

\l 

50428 

86354 

51927 

5341 1 

84542 

54878 

^^] 

56320 
56353 

82626 

43 

5o453 

86340 

51952 

85446 

53435 

84526 

54902 

82610 

42 

«9 

50478 

86325 

51977 

85431 

53460 

845ii 

54927 

83565 

56377 

82593 

41 

20 

5o5o3 

863io 

52002 

85416 

53484 

844o5 

84480 

54951 

8353? 

56401 

82577 

40 

21 

5o528 

86295 
86281 

52026 

85401 

53509 

54975 

56425 

825ii 

ll 

22 

5o553 

52o5i 

85385 

53534 

84464 

54999 

83517 

n^ 

82544 

23 

50578 

86266 

52076 

85370 

53558 

84448 

55o24 

83501 

82528 

u 

24 

5o6o3 

86251 

52101 

853d5 

53583 

84433 

55048 

83485 

56497 

825x1 

25 

50628 

86237 

52126 

85340 

53607 

84417 

55072 

83469 
83453 

56521 

82495 

35 

26 

5o654 

86222 

52i5i 

85325 

53632 

84402 

55097 

56545 

82478 
82462 

34 

11 

50679 

86207 

52175 

85310 

53656 

84386 

55iiJ 

83437 

56569 

33 

50704 

86192 

5  2  200 

85294 

53681 

84370 
84355 

55i45 

83421 

56593  ,  82446 

32 

29 

50729  86178 
50754  1  86163  1 

52225 

85279 
85264 

53705 

55169 

83405 

56617 

82429 
82413 

3i 

36 

52250 

53730 

84339 

55194 

83389 

56641 

3o 

3i 

50779!  86148  ;l  52275 

50A04  86i33  !  5220Q 

85249 

53754 

84324 

55218 

83373 
83356 

56665 '  82396 
56680 '  82380 

S 

32 

85234 

im 

84308 

55242 

33 

50829 

86119. 

52324 

85218 

84292 

55266 

83340 

56713 

82363 

U 

34 

5o854 

86104 

52349 

852o3 

53828 

84277 

55291 

83324 

56736 

82347 

35 

50879 

86089 

52374 

85 188 

53853 

84261 

55315 

833o8 

56760 

8233o 

25 

36 

50904 
50929 

86074 
86o5q 

52399 
52423 

85173 
851*7 

53877 
53  002 

84245 
84230 

55339 
55363 

83292 
83276 
83260 

56784  1  82314 
568o8  I  82207 
56832  82281 

24 

23 

50954 ;  86045 

52448 

85 142 

53926 

84214 

55388 

22 

39 

50979  86o3o 

52473 

85127 

53951 

84198 
84182 

55412 

83244 

56856  82264 

21 

40 

5i6o4  1  86oi5 

52498 

85112 

53975 

55436 

83228 

5688o  82248 

20 

41 

51029;  86000 

52522 

85096 
85o8i 

54000 

84167 

55460 

83212 

56904  1  8223l 

\t 

42 

5io54j85985 

52547 

54024 

84i5i 

55484 

83195 

56928!  82214 

43 
44 

51079 ;  85970 
5iio4  859$6 

52572 
52597 

85o66 
85o5i 

54049 
54073 

84135 
84120 

55509 
55533 

83170 
83ii3 

56952 
56976 

82198 
SaiSi 

\l 

45 

5ii29|  85941 

52621 

85o35 

54097 

84104 

55557 

83147 

57000 

82165 

i5 

46 

5ii54i  85926 

52646 

85o2o 

54122 

84088 

55581 

83i3i 

5/024 

82148 

14 

tl 

51179  I859II 

52671 

85oo5 

54146 

84072 
84057 

556o5 

83ii5 

57047 

82132 

i3 

5 1204 

85896 

52696 

84989 

54171 

55630 

83oo8 
83o82 

57071 

82ii5 

12 

49 

51229 

8588 1 

52720 

84974 
84959 
84943 

54195 

84041 

55654 

57095 

82008 

82082 

II 

5o 

5i254  85866 

52745 

54220 

84025 

55678 

83o66 

IVu^ 

10 

5i 

5i279  85851 

52770 

54244  1  84009 

55702 

83o5o 

82065 

t 

52 

5i3o4  85836 

1  52794 
52819 

84928 

54269  83994 

55726 

83o34 

57167 

82048 

53 

5i329  85821 

84913 

54293 

l^t 

55750 

83oi7 

57191 

82032 

I 

54 

5i354'858o6 

52844 

84897 

543T7 

55775 

83ooi 

572T5 

82oi5 

55 

5i379  85792 

52860 
52893 

84862 

54342 

83946 

lUri 

82985 

57238 

l:^ 

5 

V) 

5 1 404  ,  85777 

84866 

54366 

83930 

82^ 

57262 

U 

51429 

85762 

52918 

84851 

54391 

83915 

55847 

57286 

81965 

5 1 454 

85747 

52943 

84836 

54415 

83899 

55871 

82936 

57310 

8iq4q 

59  '  5i479 

85732 

52967 

84820 

54440 

83883 

55895 

82920 

57334  1  81^2 

60  ,5i5o4|  85717 

52992 

84805 

54464 

83867 

55919 

82904 

57358  j  81915 

Coane.  1  Sine. 

Couoe. 

Sine. 

Coeine. 

Sine. 

Conna. 

Sine. 

Cosine. 

Sine. 

t 

f 

59® 

68''    j    67'' 

66«    1 

66O 
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' 

36*' 

86° 

87° 

38°    1 

89° 

/ 

Sine. 

Cosine. 

Sine. 

Cosine. 

Sine. 

Cosine. 

79864 

Sine. 

Cosine. 

Sine. 

Cosine. 

0 

57358 

8ioi5 

^t 

8^5 

60182 

6i566 

78801 

62932 

V,!^ 

60 

I 

57381 

81899 

60205 

79846 

61 589 

78783 

62955 

It 

i 

57405 

8i88i 

58826 

80867 

60228 

79829 

61612 

78765 

62977 

]X 

3 

l]t^ 

8i865 

58849 
58873 

8o85o 

6o25i 

7981 1 

6i635 

78747 

•63000 

u 

4 

81848 

80833 

60274 

79793 

6i658 

78729 

63022 

77641 

5 

57477 

8i832 

58896 

80816 

60298 

79776 
797*8 

61681 

78694 

63045 

77623 

55 

6 

57501 

8i8i5 

58920 

^f. 

6o32i 

61704 

63o68 

77605 

54 

I 

57524 

81782 

58943 

60344 

79741 

61726 

l^lt 

63090 

77586 

53 

57548 

58967 

80765 

6o367 

79723 

61749 

63ii3 

77568 

52 

9 

57572 

81765 

58990 

80748 

60390 

?^1 

61772 

78640 

63i35 

77550 

5i 

lO 

57596 

81748 

59014 

80730 

60414 

61795 
61818 

78622 

63i58 

77531 

5o 

II 

ITa 

81731 

59037 

80713 
80696 

60437 

79671 

78604 

63 180 

775i3 

it 

12 

81714 

59061 

60460 

79653 

61841 

78586 

63203 

77494 

i3 

57667 

81608 

59084 

^l 

60483 

79635 

61864 

78568 

63225 

77476 
77458 

tl 

14 

57691 

81681 

59108 

6o5o6 

79618 

61887 

78550 

63248 

i5 

57715 

81664 

59131 

80644 

60529 

79600 

61909 

78532 

63271 

77439 

45 

i6 

57738 

81647 

59154 

80627 

6o553 

79583 

61932 

785x4 

63293 

77421 

44 

\l 

57762 

8i63i 

59178 

80610 

60576 

79565 

61955 

78496 

633i6 

77402 

43 

57786- 
57810 

81614 

59201 

80593 

60599 

79547 

61978 

]IZ 

63338 

77384 

42 

19 

8i5o7 
8i5do 

59225 

80576 
8o558 

60622 

79530 

62001 

63361 

77366 

41 

20 

57833 

59248 

60645 

79512 

62024 

78442 

63383 

77347 

40 

21 

57857 

8i563 

59272 

8o54i 

60668 

79494 

62046 

78424 

63406 

77329 

ll 

22 

57881 

8x546 

59295 

8o524 

60691 

79477 
79459 

62069 

78405 

63428 

77310 

23 

57904 

8i53o 

59318 

8o5o7 

60714 

62092 

78387 

63451 

77292 

37 

24 

57928 

8i5i3 

59342 

80489 

60738 

79441 

62115 

78369 

63473 

77255 

36 

25 

57952 

81496 

59365 

80472 
80455 

60761 

79424, 

62x38 

7835X 

63496 

35 

26 

57976 

81479 

59389 

60784 
60807 

79406 

62160 

78333 

635i8 

77236 

34 

U 

f^ 

81462 

59412 

8o438 

79388 

62183 

783x5 

63540 

77218 

33 

81445 

59436 

80420 

6o83o 

79371 

62206 

78297 

63563 

77199 
77181 

32 

29 

58047 

81428 

59459 

8o4o3 

6o853 

79353 

62229 

tl'. 

63585 

3i 

3o 

58070 

81412 

59482 

8o386 

60876 

79335 

6225X 

636o8 

77162 

3o 

3i 

^?°94 

81395 

59506 

8o368 

60899 

79318 

62274 

78243 

63630 

77144 

It 

32 

58ii8 

81378 
8i36i 

59529 

8o35i 

60922 

79300 

62297 

78225 

63653 

77125 

33 

58i4i 

59552 

8o334 

60945 

79282 

62320 

78206 

63675 

]V<^ 

ll 

34 

58i65 

81344 

59576 

8o3i6 

60968 

79264 

62342 

78x88 

63698 

35 

58189 

81327 

59599 

». 

60991 

79247 

62365 

78x70 
78152 

63720 

77070 

25 

36 

58212 

8i3io 

59622 

6ioi5 

79229 

62388 

63742 

77o5i 

24 

39 

58236 

81293 

59646 

80264 

6io38 

792 1 1 

62411 

78x34 

63765 

77033 

23 

58260 
58283 

81276 
8i2i9 

^ 

80247 
8o23o 

61061 
61084 

79193 
79176 
79158 

62433 
62456 

781x6 
78098 

tllVo 

77014 
76996 

22 
2X 

40 

58307 

81242 

59716 

80212 

61107 

62479 

?^^? 

63832 

'Zl 

20 

41 

58330 

81225 

^^ 

80195 

6ii3o 

79140 

62502 

63854 

\t 

42 

58354 

81208 

80178 
80160 

6ii53 

79122 

62524 

78043 

63877 

76940 

43 

58378 

81191 

n^ 

61176 

79105 

62547 

78025 

63899 

76921 

]l 

44 

58401 

81174 
81167 

80143 

61199 

79087 

62570 

]^ 

63922 

% 

45 

58425 

59832 

80125 

61222 

79069 

62592 

63944 

i5 

46 

58449 

81140 

59856 

80108 

61245 

79o5i 

626x5 

77970 
77952 

63966 

76866 

14 

% 

58472 

81123 

59879 

80091 

61268 

79033 

62638 

63989 

T^il 

i3 

58496 

81 106 

59902 

8^?6 

61 291 

70016 

62660 

77934 

64011 

X2 

49 

585IO 
58543 

81089 

59926 

6i3i4 

78908 

62683 

77016 
77897 

64033 

76810 

IX 

5o 

81072 
8io55 
8io38 

59949 

8oo38 

61337 

78^ 

62706 

64056 

76791 

10 

5i 

52 

58567 
58590 

59995 

80021 
80003 

6i36o 
6i383 

78962 
78944 

62728 
62751 

Vill'^ 

64078 
64100 

t]il 

t 

53 

58614 

81021 

60019 

79986 

61406 

78926 

62774 

77843 

64123 

76735 

I 

54 

58637 

81004 

60042 

79968 

61429 

« 

6^ 

77824 

64145 

?^ 

55 

58661 

80987 

6oo65 

79951 

6i45i 

77806 

64167 

5 

56 

ll 

58684 
58708 

Pi 

60089 
60112 

79934 

61474 
61497 

f^ll 

62842 
62864 

77788 

77769 

64190 
64212 

i,^', 

4 
3 

?cPll 

80936 

601 35 

61 520 

78837 

62887 

77751 

64234 

76642 

2 

59 

58755 

80919 

601 58 

61 543 

78819 

62909 

77733 

64256 

76623 

1 

60 

58779 

80902 

60182 

79864 

61 566 

7880T 

62932 

77715 

64279 

76604 

0 

/ 

Cofiine. 

Sine. 

Cosine. 

Sine. 

Cosine. 

Sine. 

Coune. 

Sine. 

Cottoe. 

Sine. 

/ 

64° 

53° 

52° 

51°  . 

50° 
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t 

40° 

41° 

42° 

43°    1 

44° 

/ 

Sine.  Cosiup. 

Sine. 

Conine. 

Bine. 

r(Hnc. 

Rtnc 

Cni^r'^ 

Pine.  ICwIne. 

0 

64279 

76604 

656o6 

75433 

66913 

74314 

68200 

73i35 

69466 

71934 

"6^ 

1 

2 

64301 
64323 

76586 
76548 

65628 
65650 

66935 
66956 

74295 

68221 
68242 

73116. 
73096- 

^^5^ 

71014 
71894 

% 

3 

64346 

65672 

75414 

66978 

68264 

73076 

69529 

]X 

57 

4 

64368 

76530 

65694 

75395 

66999 

74237 

68285 

73o56 

69549 

56 

5 

64390 

76511 

65716 

?f 

67021 

74217 

74198 

683o6 

73o36 

69570 

71833 

55 

6 

64412 

76492 

65738 

67043 

^l^"^ 

73016 

69591 

7IBI3 

54 

I 

64435 

t.%\ 

65759 

ti:k 

67064 

74178 
74159 

68349 

72996 

69612 

71792 

53 

64457 

65781 
658o3 

67086 

68370 

72976 
729^7 

69633. 

71772 
71752 

52 

9 

64479 

76436 

t^ 

67107 

74139 

68391 

69654 

5i 

10 

64501 

76417 

65825 

67129 

74120 

68412 

72937 

69675 

71732 

5o 

II 

64524 

65847 

75261 

67151 

74100 

68434 

72017 
72897 

69696 

7I71I 
7I69I 

% 

12 

64546 

65869 

75241 

67172 

74080 

68455 

69717 

i3 

64568 

76361 

65891 

75222 

67194 

74061 

68476 

V^n 

^?^52 

]X 

% 

14 

64590 

76342 

65913 

75203 

672T5 

74041 

68497 
685i8 

i5 

64612 

76323 

65935 

75184 

67237 

74022 

72837 

69779 

7i63o 

45 

i6 

64635 

76304 

65956 

75i65 

67258 

74002 

68539 

72817 

69800 

71610 

44 

\l 

64657 

76286 

65978 

75146 

67280 

73983 

68561 

72797 

69821 

]X 

43 

64679 

76267 
76248 

66000 

75126 

67301 

73^63 

68582 

72777 
72767 

69842 

4a 

»9 

64701 

66022 

75^8^ 

67323 

73944 

686o3 

69862 

71549 

41 

20 

64723 

76229 

66044 

67344 

73924 

68624 

72737 

69883 

]\'i% 

40 

21 

64746 

76210 

66066 

75069 

67366 

68645 

72717 
72697 

69904 

^ 

22 

64768 

76192 

66088 

75o5o 

67387 

68666 

69925 

71488 

23 

64790 
64812 

76,^3 
76154 

66109 

75o3o 

67409 

73865 

68688 

v^. 

69946 

71468 

I 

24 

66i3i 

75011 

67430 

73846 

68709 

69966 

71447 

25 

64834 

76135 

661 53 

74992 

67452 

73826 

68730 

7J637 

69987 
70008 

71427 

35 

26 

64856 

76116 

66175 

vs 

67473 

73806 

68751 

73617 

VdU 

34 

v^ 

64878 

76059 

66197 

67495 

73787 

68772 

72597 

70029 

33 

64901 

66218 

74934 

67516 

73767 

%lt 

V^V, 

70049 

71366 

32 

29 

64923 

66240 

74^96 

67538 

73747 

70070 

71345 

3i 

30 

64945 

76041 

66262 

67559 

73728 

68835 

72537 

70091 

71325 

3o 

3i 

64967 

76022 

66284 

74876 

74838 

67580 

73^88 

68857 
68874 

72617 

70112 

7i3o5 

S 

32 

64989 

76003 

663o6 

67602 

72497 

70i32 

71284 

33 

65oii 

75984 

66327 

67623 

73669 

68899 

72477 
72457 

70153 

71264 

^Z 

34 

65o33 

75965 

66349 

74818 

67645 

73649 

68920 

70174 

71243 

35 

65o55 

75946 

66371 

74780 

67666 

73629 

68941 

72437 

70195 

71223 

25 

36 

65o77 

73927 

66393 

67688 

73610 

68962 

72417 

70215 

71203 

24 

ll 

65IOC 

75908 

66414 

74760 

67709 

73590 

68983 

72397 

70236 

71182 

23 

65l22 

76889 

66436 

74741 

67730 

1^1. 

69004 

72357 

70257 

71162 

29 

39 

65 1 44 

75870 

66458 

74722 

67752 

69025 

70277 
70298 

71141 

21 

40 

65 166 

7585i 

66480 

74703 

67773 

73531 

69046 

72337 

71121 

20 

4i 

65 1 88 

75832 

665oi 

74683 

67795 

73511 

^^2 

72317 

7o3i9 

71100 

:s 

42 

65210 

758i3 

66523 

74664 

678T6 

73491 

72297 

70339 

71080 

43 

65232 

75794 

66545 

74644 

67837 

73472 
73452 

69109 

72277 
72267 
72236 

7o36o 

71059 

17 

44 

65254 

75775 

66566 

74625 

67859 

69136 

7o38i 

71039 

i4 

45 

65276 

75756 

66588 

74606 

67880 

73432 

69151 

70401 

71019 

i5 

46 

65298 

75738 

66610 

74586 

67901 

73413 

69172 

72216 

70422 

70998 

14 

% 

65320 

75719 

66632 

74567 

67923 

73393 

69193 

72196 

70443 

70978 
70967 

i3 

65342 

75700 

66653 

74548 

67944 

'^. 

69214 

]\\t 

70463 

12 

49 

65364 

75680 

66675 

74528 

67965 

69235 

70484 

70937 

II 

5o 

65386 

75661 

^697 
^16718 

74509 

M 

73333 

69256 

72i36 

7o5o5 

10 

5i 

65408 

75642 

74489 

73314 

69298 

72116 

7o525 

% 

52 

65430 

75623 

66740 

74470 

68029 

73294 

72095 

70546 

7o8?5 

53 

65452 

75604 

66762 

74451 

68o5i 

73254 

69319 

??o?i 

70567 

I 

54 

65474 

75585 

66783 

74431 

68072 

69340 

?^ 

70834 

55 

65496 

75566 

668o5 

74412 

68093 

73234 

69361 

72035 

70813 

5 

56 

655i8 

75547 
7552^ 

66827 
6684S 

74392 

68ii5 

73215 

6^382 

72015 

70628 

70793 

4 

% 

65540 

74373 
74353 

68i36 

73195 

69403 

71995 

70649 

70772 
70762 

3 

65562 

75509 

66870 

68157 

73175 
73i55 

69424 

71974 
71954 

70670 

a 

59 

65584 

75490 

66891 

74334 

68179 

69445 

70690 

70731 

I 

60 

656o6 

75471 

66913 

743i4 
Bine. 

68200 

73i35 

69466 

7t934 

70711 

70711 

0 

/ 

Cosine. 

^ine. 

Cosiae. 

Cotine. 

Sine. 

Coune. 

Bine. 

Conne. 

Bine. 

/ 

490 

48° 

470 

46° 

450 
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/ 

0° 

1° 

2° 

30 

/ 

Tangent. 

CoUng. 

Tangent. 

Cotang. 

Tangent. 

Cotang. 

Tange.it. 

Cotang. 

0 

00000 

Infinite. 

01746 

57.2900 
56.35o6 
55.4415 

03492 

28.6363 

o524i 

19.0811 
18.0755 
18.8711 
18.7678 
18.6666 

60 

2 

00020 
ooo58 

3417-75 
1718.87 

01775 
01804 

03521 
o355o 

28 
28 

X 

05270 
05299 

05328 

^ 

3 

oooSt 
001 16 

1145-02 

oi833 

54.56i3 

03579 

27 

9372 

u 

4 

859 

436 

01862 

53.70S6 

o36o9 
03638 

27 

7117 

05357 

5 

00145 

687 

549 

01891 

52.8821 

27 

o566 

o5387 
o54i6 
05445 

18.5645 

55 

6 

I 

00175 
00204 

572 
491 

fj. 

01920 
01949 
01978 

52.0807 
5i.3o32 

03667 
03696 

27 

11 

18.4645 
18.3655 

54 
53 

0O233 

429 

718 

50.5485 

03725 

8450 

05474 

18-2677 
18.1708 

52 

9 

00262 

38i 

971 

02007 

49-8i57 

03754 

26 

6367 

o55o3 

5i 

10 

00291 

343 

Hi 

02036 

%\f.'. 

03783 
o38i2 

26 

43i6 

05533 

18.0750 
17.8863 

5o 

II 

00320 

3l2 

02066 

26 

2296 

05562 

it 

12 

00349 
00378 

286 

478 

02095 

tilt 
46.4489 

o3842 

26 

o3o7 
8348 

05591 

i3 

264 

441 

02124 

03871 

25 

o5620 

17-7934 

ii 

14 

00407 
00436 

245 

552 

02153 

03900 

25 

6418 

o5649 
05678 

17.7015 
17.6106 

i5 

229 

182 

02182 

45.8294 

03929 

25 

4517 

45 

i6 

00465 

214 

858 

02211 

45.2261 

03958 

25 

2644 

05708 

17.5205 

44 

\l 

00495 

202 

219 

02240 

44-6386 

03981 
04016 

25 

0798 

05737 

17.4314 

43 

oo524 

X 

984 

02260 
02298 

44 -0661 

24 

5418 

05766 

17-3432 

42 

19 

00553 

tU 

43.5081 

04046 

24 

^lll 

17-2558 

41 

20 

00582 

\l\ 

02328 

42.9641 

04075 

24 

17.1693 

40 

21 

00611 

700 

02357 
02386 

42.4335 

o4io4 

24 

1 

0263 

05854 

17.0837 

16. §319 

3? 

22 

00640 

i56 

l^ 

41 -9158 

o4i33 

24 

05883 

23 

00660 
00698 

\it 

024i5 

41.4106 

04162 

24 

05912 

u 

24 

237 

02444 

40.9174 
4o.43i8 

04191 

23 

8593 

05941 

25 

Z^U 

137 

5o7 

02473 

04220 

23 

^f, 

05970 

35 

26 

i3i 

219 

025o2 

39.9655 
39.D059 
3o.o568 
38.6177 

o425o 

23 

05999 

34 

11 

00785 
00814 

127 

321 

0253 1 

liiit 

23 

3718 

06029 
o6o58 

16.5874 

33 

122 

774 

640 

02560 

23 

2137 

16.5075 
16.4283 

32 

29 

00844 

118 

02589 

04337 

04366 

23 

°^l 

06110 

3i 

3o 

00873 

114 

589 

02619 

38.1885 

22 

16.3499 

3o 

3i 

00902 

no 

892 

02648 

37.7686 

32:fe 

04395 

22 

•7519 
.6020 

06145 

16.2722 

^ 

32 

00931 

107 

426 

02677 
02706 

04424 

22 

06175 

16.1952 

33 

00960 

104 

171 

04454 

22 

4541 

06204 

16.1190 
16.0435 

11 

34 

00980 
01018 

lOI 

107 

02735 

36.5627 
36.1776 

04483 

22 

.3o8i 

06233 

35 

98.2170 
95.4895 
92.9085 

02764 

045 12 

22 

1640 

06262 

15.9687 

25 

36 

01047 
01076 

02793 
02822 

35.8006 

04541 

22 

0217 
88i3 

06291 

15.8940 

24 

u 

35.43i3 

04570 

21 

06321 

15.8211 

23 

oiio5 

90.4633 

88.1436 

0285i 

35.0695 
34-7i5i 
34.3678 

04628 

21 

7426 
6o56 

o635o 

15.7483 
15.6762 

22 

39 

oii35 

02881 

21 

06408 

21 

40 

01 164 

85.o3o8 
83.8435 

02910 

04658 

21 

4704 
3369 

15.6048 

20 

41 

01193 

02968 

34-0273 

04687 
04710 

21 

06437 

15.5340 

;§ 

42 

01222 

81.8470 
70.9434 
78-1263 

33.6935 
33.3662 

21 

2049 

06467 
06496 

15.4638 

43 

0125l 

o3o26 

04745 

21 

0747 

15.3943 

\i 

44 

01280 

33.0452 

04803 

20 

9460 
8188 

.06525 

15.3254 

45 

oi3o9 

76.3900 

o3o55 

32.7303 

20 

06554 

15.2571 

i5 

46 

01338 

74-7292 

o3o84 

32.4213 

04832 

20 

'6932 

06584 

15.1893 

14 

% 

01367 

73.,3oo 
7i.6i5i 

o3ii4 

32.ii8i 

04862 

20 

5691 

o66i3 

15.1222 

i3 

01396 

o3i43 

3 I. 8205 

04891 

20 

4465 

06642 

15.0557 
14-9893 

12 

49 

01425 

70.1533 
68.7501 

o3i72 

31.5284 

04920 

20 

3253 

06671 

II 

5o 

01455 

0320I 

31.2416 

04940 
04978 
o5oo7 

20 

2o56 

06700 

14.9244 
i4-85o6 
14-7^54 

I4.'Z68? 

10 

5! 
52 

01484 
oi5i3 

67.4019 
66.1055 

o323o 
o3259 
03288 
o33i7 
03346 

3o'?8?? 

20 
19 

0872 

7403 
6273 

5i56 

06730 
^75g 

o62i7 

§ 

53 
54 

01 542 
01571 

64-8580 
63.6567 

30.4116 
3o.i446 

o5o37 
o5o66 

19 
>9 

I 

55 

01600 

62.4992 
61.3829 
6o.3o58 

29.8823 

o5o95 

19 

06847 
06876 

i4-6o59 
14-5438 

5 

56 

01629 
01658 

03376 

29.6245 

o5i24 

>9 

4 

u 

o34o5 

29.3711 

o5i53 

»9 

4o5i 

06905 

14-4823 

3 

01687 
01716 

U:l^. 

03434 

20.1220 
28*6]Z3 

o5i82 

»9 

2059 
1879 

06934 

14-4212 

2 

59 

03463 

05212 

«9 

06963 

14-3607 

I 

66 

01746 

57.2900 

03492 

o524i 

i9.o8ii 

06993 

14-3007 

0 

/ 

Cotang. 

Tangent. 

Cotang. 

Tangent. 

Cotang. 

Tangent. 

Cotang. 

Tangent. 

/ 

89^ 

SS° 

87<' 

86° 
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/ 

4«      P     60 

1     60      1 

7 

0 

/ 

Tangent. 

CoUng.  1  Tangent. 

Crtang. 

TsBgent. 

Cotang. 

Tangent. 

CoUng.  1 

o  *  ofyc/ql 

14-3007 

'"5 

:  08807 

114301 

,  io5io 

9.51436 

13278 

8. 14435  60 

I  1  07022 

14-2411 

11 

3919 
3540 

io54o 

9 

48781 

l33o8 

8-13481 

^ 

2  1  0705 I 

I4'i82i 

II 

10569 

9 

46141 

13338 

8.10536 

3  p  07080 

14-1235 

08837 
08866 

II 

3i63 

10638 

9 

435i5 

13367 

8.08600 

u 

4  !  07110 

14-0655 

11 

3789 

9 

40904 
383o7 

13397 

8.06674 
8.04736 

8-02848 

5  o7i3o 

6  07168 

14-0079 

08895 

II 

3417 
2048 

10657 

9 

13426 

55 

Is-Uo 
13.8378 

08925 

11 

10687 
10716 

9 

35724 

12456 

54 

7  07197 
b  '  07227 

08954 

11 

i68i 

9 

33 1 54 

12485 

8-00948 

53 

08983 

11 

i3i6 

10746 

9 

^80^ 

I25i5 

7.99058 

52 

9 

072% 

13.7821 

09013 

II 

oo54 

io8o5 

9 

12544 

?:??3Z^ 

5i 

10 

072H5 

13.7267 
13.6719 

09042 

II 

0594 

9 

25530 

13574 

5o 

II 

07J14 

09071 

11 

0237 

io834 

9 

33oi6 

i36o3 

7-93438 

% 

12 

07344 

13.6174 
13-5634 

O9IOI 

10 

9883 

io863 

9 

3o5i6 

I26S3 

7. 01 583 

i3 

07373 

09130 

10 

S 

10893 

9 

18028 

12663 

45 

14 
i5 

07402 
07431 

13.5098 
13.4566 

09159 
09189 

10 
10 

10933 
10953 

9 
9 

15554 
13093 

13692 

12733 

16 

07461 

i3.4o3o 
i3.35i5 

09218 

10 

8483 

10981 

9 

10646 

13751 

7.84342 

44 

>9 

07490 

1  09247 

10 

8139 

IIOII 

9 

08211 

13781 
13810 
13840 

7.82428 

43 

07548 

13.2480 

09306 

10 
10 

7797 
7457 

11040 
11070 

9 
9 

li 

7.80633 
7.78835 

42 
41 

20 
91 

07578 
07636 

13.1969 
13.1461 

09335 

09365 

10 
10 

a 

11090 

1113$ 

I 

13869 
13899 

VnV^. 

40 

22 

13.095s 

09394 

10 

645o 

11158 

8 

9S"7 

V^ 

7.73480 

33 

076^)5 

13-0458 

09423 

10 

6118 

11187 

8 

93867 

7.60957 
7-6SJ06 

U 

94 

07695 

12.9962 

09453 

10 

5789 

11317 
11346 

8 

9i52o 

89185 
86863 

13988 

25 

07724 

w:^. 

09482 

10 

5463 

8 

i3oi7 

35 

26 

07753 

09511 

10 

5i36 

11376 

8 

1 3047 
13076 

7-66466 

34 

^? 

07782 
07812 

12.8496 

09541 

10 

4813 

ii3o5 

8 

84551 

7-64732 

33 

12. 8014 

09570 

10 

4491 

11335 

8 

83352 

i3io6 

7-63005 

32 

9Q 

07841 

13.7536 

09600 

10 

4173 
3854 

11364 

8 

]% 

i3i36 

7.61287 
7-59575 

3i 

3o 

07870 

12.7062 

09639 

10 

11394 

8 

i3i65 

3o 

3i 

07899 

12.6591 

09658 

10 

35'38 

1 1433 

8 

.75425 

I3i95 

?? 

32 

07920 
07958 
07987 

12.6124 

09688 

10 

3224 

11453 

8 

.731^2 

■68701 

13334 

33 
34 

13.5660 
13.5199 

09717 
09746 

10 
10 

3913 
3603 

11483 
ii5ii 

8 
8 

13354 
13384 

XL 

35 

080'.  7 
08046 

13.4742 

^S^ 

10 

3394 
1988 
i683 

II541 

8 

66482 

i33i3 

7.51132 

25 

36 

12.4288 

10 

11570 

8 

64275 

13343 

7-49465 

24 

U 

08075 

13.3838 

09834 

10 

11600 

8 

62078 

13373 

7-47806 
7.46154 

23 

08104 

13.3390 

09864 

10 

i38i 

11639 

8 

59893 

i34o2 

23 

39 

08134 

13.3946 

09893 

10 

1080 

1 1659 
11688 

8 

tv^, 

13432 

7.44509 

21 

40 

08 1 63 

13.3305 

09923 

10 

0780 

8 

13461 

7-42871 

30 

41 

08192 

13.3067 

09952 

10 

0483 

11718 

8 

53402 

13491 

7.41340 

;? 

43 

08221 

13.1633 

09981 

10 

0187 

11747 

8 

5 1359 
4913d 

1& 

13531 

7.39616 

43 
44 

08251 
08280 

I3.I30I 
13.0773. 
13.0346 

lOOIl 

10040 

9.98930 
9.96007 

m 

8 
8 

i355o 
i358o 

\'m 

:2 

45 

o83o9 

10069 

9.93101 

ii836 

8 

i36o9 

7.34786 

i5 

46 

08339 
08368 

11.9033 

10099 

9.90311 
9.87338 

11865 

8 

42795 

13639* 

7.33190 

14 

% 

11.9504 

10128 

11895 

8 

.40705 
38625 

13669 
13698 

7.31600 

i3 

08397 

11^82^2 

10158 

9.84482 

11934 

8 

7-3ooi8 

12 

49 

08427 
08456 

10187 
10216 

9.81641 

11954 

8 

.36555 

13728 

7.38443 

II 

5o 

9.78817 

11983 

8 

34496 

13758 

7.36873 

10 

5i 

08485 

11.7853 

10246 

9.76009 

130l3 

8 

32446 

'3787 
13617 
13846 

7-35310 

% 

52 

o85i4 

11.7448 

10375 

9.73317 

13042 

8 

30406 

7.33754 

53 

08544 

11.7045 
11.6645 

io3o5 

9 -7044 1 
9.67680 

13073 

8 

28376 
26355 

7.S2204 

I 

54 

08573 

io334 

13101 

8 

13876 

7-20661 

56 

o86o3 

11.6248 

10363 

9.64935 

13l3l 

8 

24345 

13906 

7.19125 

5 

56 

0B632 

11.5853 

10393 

9.63305 

13160 

8 

33344 

13935 

7.17594 

U 

08661 

11.5461 

10433 

9.50490 
9.56791 

12190 

8 

30353 

13965 

7.16071 

08690 

11.5072 
11.4685 

10453 

12219 

8 

18370 

13995 

7-14553 

59 

08730 

10481 

9.54106 

12249 
12278 

8 

i63o8 

14024 

7.13042 

60 

08749 

11.4301 

io5io 

9.51436 

8.14435 

i4o54 

7.11537 

t 

Cotang. 

Tangent 

Cotang. 

Tangent. 

Coiaag. 

Tangent. 

Cotang. 

Tangent. 

/ 

86° 

84° 

88^ 

8 

20 
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/ 

8° 

9° 

10° 

11° 

/ 

Tangent. 

Ck>Un«. 

Tangent. 

Ck>tang. 

Tangent. 

Cotang. 

Tangent. 

Cotang. 

0 

l4o54 

7-II537 
7-I0O38 

1 5838 

6.31375 
6.30189 

17633 

5-67128 

19438 

5-14455 

60 

I 

14084 

15868 

17663 

5-66i65 

19468 

5 

13658 

ai 

a 

I4ii3 

7.08546 

15898 

6.29007 

17693 

5.65205 

19498 

5 

12862 

3 

I4I43 

7.03059 
7.05570 
7.04105 

15928 

6.27829 
6-26655 

17723 

5./  ;^48 

19529 

5 

12069 

U 

4 

14173 

i5958 

17753 

5.r  .95 

19559 

5 

11279 

5 

14202 

15988 

6.25486 

17783 
17813 

5.  ::44 

19589 

5 

10490 

55 

6 

14232 

7.02637 

16017 

6*24321 

t^n 

19619 

5 

00704 
06921 

54 

I 

14262 

7.01174 

16047 

6.23i6o 

17843 

19649 

5 

53 

1 429 1 

6.99718 
6.98268 

16077 

6.22003 

17873 

5.  .ill 

19680 

5 

08139 

52 

9 

14321 

16107 

6.2o85i 

17903 

5... 73 

5.--  .38 

19710 

5 

07360 

5i 

10 

I435i 

6.96823 

16137 

6.19703 

17933 

19740 

5 

06584 

5o 

II 

I438i 

6-95385 

16167 
16196 
16226 

6.18559 

17963 

5.  .-06 

19770 

5 

o58o9 

1? 

12 

i3 

14410 
14440 

6.93952 
6.92525 

6-17419 
6.16283 

\^l 

t::s?] 

19801 
1^1 

5 
5 

o5o37 
04267 

14 

14470 

6.91104 
6.89688 

16256 

6.i5i5i 

i8o53 

5. .  ..,27 

19861 

5 

03499 

i5 

14499 

16286 

6.14023 

i8o83 

5.v.,K,7 

19891 

5 

•02734 

45 

i6 

14529 

6.88278 

i63i6 

6.12899 

i8ii3 

5-52090 

19921 

5 

01971 

44 

\l 

14559 

6.86874 

16346 

tVo&l 

18143 

5.51176 
5.50264 

19952 

5 

01210 

43 

14588 

6.85475 
6.84082 

16376 

18173 

19982 

5 

r,.V,5l 

42 

»9 

14618 

16405 

6.09552 
6.08444 

18203 

5.49356 

20012 

4 

,.,■95 

41 

ao 

14648 

6.82694 

16435 

18233 

5.48451 

20042 

4 

r  40 

40 

ai 

14678 

6.8i3i2 

16465^ 

6.07340 
6-06240 

18263 

5.47548 
5.46648 

20073 

4 

.,,188 

^ 

22 

14707 

t]K 

16495 

18293 

20103 

4 

•  r  JS 

23 

14737 

16525 

6.o5i43 

18323 

5.45751 
5.44857 

20133 

4 

.90 

U 

24 

14767 
14796 
14826 

tM 

16555 

6-o4o5i 

18353 

20164 

4 

...  -.45 

25 

16585 

6-02962 
6-01878 

18383 

5.43966 

20194 

4 

,  iOI 

35 

26 

6.74483 

i66i5 

18414 

5.43077 

20224 

4 

■J,  .60 

34 

11 

14856 

e.73i33 

16645 

6-00797 

18444 

5.42192 

20254 

4 

...  -21 

33 

14886 

6.71789 

16674 

5.99720 

18474 

5.41309 

20285 

4 

...^^84 

32 

29 

14915 

6.70450 
6.69116 

16704 

5.98646 

i85o4 

5.40429 

2o3i5 

4 

....:4Q 

...1  'lO 

3i 

3o 

14945 

16734 

5.97576 

18534 

5.39552 

20345 

4 

3o 

3i 

32 

14975 
i5oo5 

tXi 

16764 
16794 

5.96510 
5.95448 

18564 
18594 

5^378^? 
5.36936 

20376 
20406 

4 
4 

.90785 

11 

33 

i5o34 

6.65144 

16824 

5.94390 
5.93335 

18624 

20436 

4 

U 

34 

i5o64 

6.63831 

16854 

1 8654 

5.36070 

20466 

4 

.8b6o5 

35 

1 5094 

6.62523 

16884 

5.92283 

18684 

5.35206 

20497 

4 

.87882 

25 

36 

i5i24 

6.61219 

16914 

5.91235 

18714 

5.34345 

2o527 

4 

-87162 
-86444 

24 

u 

i5i53 

t^l) 

16944 

5-«),oi 
5.69151 

18745 

5.33487 

20557 

20588 

4 

23 

i5i83L 

16974 

\^l 

5.32631 

4 

.85727 
.85oi3 

22 

39 

i52i3 

6.57339 
6.56o55 

17004 

5.86114 

5.31778 

20618 

4 

21 

4o 

15243 

17033 

5.87080 
5.86o5i 

18835 

5.30928 

20648 

4 

.84300 

20 

41 

15272 

6.54777 

17063 

18865 

5.30080 

20679 

4 

-83590 
-82882 

\t 

42 

i53o2 

6.536o3 

17093 

5-85024 

18895 

5.29235 
5-28393 

20709 

4 

43 

15332 

6.52234 

17.23 

5.84001 

18925 

20739 

4 

.82175 

\l 

44 

1 5362 

6.50970 

17153 

5-82982 

18955 

5-27503 
5.26715, 

20TJ0 
20600 

4 

-81471 
.80769 

45 

15391 

6.497*0 

17183 

5.81966 

18986 

4 

i5 

46 

i542i 

6.48456 

17213 

5.80953 

190 1 6 

5.25880 

2o83o 

4 

80068 

14 

ii 

i545i 

6.47206 
6.45961 

17243 

U^s 

19046 

5.25048 

20861 

4 

■%]l 

i3 

i548i 

17273 

19076 

5.24218 

20891 

4 

12 

49 

i55ii 

6.44720 

i73o3 

Ul$'. 

19106 

5.23391 
5.22566 

20921 

4 

•77978 

11 

5o 

1 5540 

6.43484 

17333 

19136 

20952 

4 

10 

5i 

15570 

6.42253 

17363 

5.75941 

19166 

5.21744 

20982 

4 

t 

53 

i56oo 

6.41026 

17393 

5.74949 

19197 

5.20925 

2IOl3 

4 

75906 

53 

i563o 

6.39804 
6.38587 

17423 

5.73960 

19227 

5.20107 
5.19293 
5.18480 

21043 

4 

75219 

I 

54 

i566o 

17453 

5.72974 

19257 

21073 

4 

74534 

55 

15689 

6.37374 

17483 

5.71992 

19287 

2II04 

4 

7385i 

5 

56 

15719 

6.36i65 

I75i3 

5.71013 

19317 

I'M 

2ii34 

4 

73170 

4 

u 

15749 

6.34961 

17543 

5.70037 

19378 

21164 

4 

72490 

3 

15779 

6.33761 
6.32566 

17573 

5.69064 

5.i6o58 

21195 

4 

71813 

2 

59 

17663 

5.68094 

19408 

5.15256 

21225 

4 

71137 

1 

6o 

6.31375 

17633 

5.67128 

19438 

5.14455 

21356 

4.70463 

0 

/ 

Cotang. 
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Cotong. 
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Cotang. 

Tangent. 
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Tangent. 

# 
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/ 

12° 

18° 

14° 

16° 

/ 

Tangent. 

CoUnf. 

Tangent. 

CoUng. 

Tangent. 

Cotang. 

Tangent.    CoUng. 

0 

21256 

4-70463 

23087 

33 148 

24933 

4-01078 
4-00582 

It^l 

3.73205 

60 

I 

21286 

69791 

23ii7 

23148 

32573 

24964 

tWs 

u 

2 

2i3i6 

69121 

68452 

32001 

24995 

4-00086 

26857 
26888 

3 

21347 

23 1 79 

3i43o 

25026 

3.99392 

3.71907 
3.71476 

3-71046 

u 

55 

4 
5 

2I37J 
21408 

67786 
67121 
66458 

23209 

23240 

3o86o 
30291 

25o56 
25o87 
25iid 

3-« 

26920 
26951 

6 

21438 

23271 

29724 

3.981I7 

26982 

3.70616 

54 

I 

21469 
21499 

ttiU 

233oi 
23332 

28o32 

25 149 
25i8o 

3.97627 

27013 
27044 

3.^0188 

53 

52 

9 

21529 

64480 

23363 

252II 

27076 

3||| 

5i 

to 

2i56o 

63825 

23393 

27471 

26911 
26352 

25242 

3.96165 

27107 
27138 

5o 

II 

21590 

5^ri 

23424 

25273 

3.95680 

it 

12 

21621 

625i8 

23455 

25304 

3.95196 

27169 

3.68061 

i3 

2i65i 

61868 

23485 

25239 
24685 

25335 

3.94713 

27201 

3.67638 

% 

14 

21682 

61219 

235i6 

25366 

3.94232 

27232 

3-67217 
3-66796 

i5 

21712 

60572 

23547 

25397 

3.93751 

27263 

45 

i6 

21743 

58641 

23578 

24l32 

25428 

3.93271 

27294 

3-66376 
3 .6533? 

44 

\l 

21773 
21804 

236o8 
23639 

2358o 
23o3o 

25459 
25490 

3.92793 
3.92J16 

27326 
27388 

43 

42 

19 

21834 

5800I 

23670 

22481 

25521 

3.91839 

3-65121 

4i 

20 

21864 

57363 

23700 

21933 
21387 

25552 

3.^1364 

27419 

3-64705 

40 

21 

21895 

56726 

23731 

25583 

3.90890 

27451 

3-64289 

22 
23 

21925 
21956 

56091 
55458 

23762 

23^23 

20842 
20298 
19756 

25614 
25645 

3:0 

27482 
27513 

3.63874 
3-63461 

34 

21986 

54826 

25676 

3-8^74 

27545 

3-63048 

25 
26 

22017 

22047 
22078 

54196 
53568 

23854 
23885 

19215 
18675 
18137 

It^U 

3.89004 
3.88536 

27576 

3-62636 
3.62224 

35 
34 

11 

52941 
523i6 

23916 

l^ 

3.88068 

3-61814 

33 

22108 

23946 

17600 

3.87601 

27670 

3.61405 

32 

11 

22139 
22169 

51693 
51071 

23977 
24008 

17064 
i653o 

25831 
25862 

3.87136 
3.86671 

27701 
27732 

3.60996 
3.6o588 

3i 
3o 

3i 

22200 

5o45i 

24039 

\^l 

25893 

3.86208 

27764 

3.60181 

^ 

32 

2223l 

49832 

24069 

25924 

3.85745 

27826 

3.59775 

33 

22261 

49215 
48600 

24100 

14934 

25955 

3.85284 

U 

34 

22292 

24i3i 

i44o5 

25986 

3.84824 

27858 

3-58q66 

35 

22322 

47986 
427^4 

24162 

\IIU 

26017 
26048 

3.84364 

27889 

3-58562 

25 

36 

22353 

24193 

3.83906 

27920 

3.58160 

24 

ll 

22383 

24223 

12825 

26079 

3.83449 

27952 

3-57758 

23 

22414 

461 55 

24254 

i23oi 

26110 

3.82992 
3.82537 
3.82083 

28015 

3.57357 

22 

39 

22444 

45548 

24285 

11256 

26141 

3.5^957 

21 

40 

22475 

44942 
44338 

243i6 

26172 

28046 

3.56557 

20 

41 

225o5 

24347 

10736 

26203 

3.8i63o 

28077 

3-56159 

\t 

i5 

42 

43 

22536 
22567 

43735 
43134 

24377 
24408 

10216 
09609 
09182 
08666 

26235 
26266 

3.H1177 
3.H0726 

28109 
28140 

3.5576T 
3-55364 

44 
45 

22628 

42534 
41936 

24439 
24470 

l^ltl 

3.80276 
3.79827 

28172 
28203 

t'X 

46 

22658 

4i34o 

245oi 

o8i52 

26359 

3.70378 
3.78931 

28234 

3-54179 
3.5378? 

14 

tl 

22689 

^0-45 

24532 

07639 

26390 

28266 

i3 

22719 

i  .|52 

24562 

06616 

26421 

3.78485 

28297 

3.53393 

12 

^9 

22750 

.^i/16o 

24593 

26452 

3.78040 

28329 

3-53001 

II 

5o 

22781 
22811 

iN.^ 

24624 

06107 

26483 

3-775^5 

28360 

3.52609 

10 

5i 

AS  18 1 

24655 

05599 

265 1 5 

28391 

3-52219 

I 

52 

22842 

^^93 

24686 

o5o92 
04586 

26546 

28423 

3-51829 

53 

22872 

m 

24717 

l^ 

28454 

3-5I44I 

I 

54 

22903 

24747 
24778 
24809 

04081 

3.75828 

28486 

3-5io53 

55 

22934 

i-.o4o 

03578 

26639 

3.75388 

28517 

3-50666 

5 

56 

22964 

1^  ^59 

03075 

26670 

3.74950 
3.74512 

28549 

3-50279 

4 

ll 

22995 

y-^^19 

24840 

02574 

26701 

28580 

3-49894 

3 

23026 

V;loo 

24871 

02074 

26733 

3.74075 

28612 

3-49500 
3-49125 
3.48741 

2 

^ 

23o56 

.Vn23 

24902 

01576 
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28643 

I 

6o 

/ 

a3o87 

4-  nj48| 
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3.73205 
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Tangent. 
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/ 

16° 

17^ 

18^ 
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t 

Tani^ent. 

Cotang. 

Tangent. 

Cotang. 

Tangent. 

Cotang. 

Tangent. 

Cotang. 

0 

28675 

3.48741 
3.48359 

30573 

3.27085 

32492 

3.07768 

34433 

2  90421 

60 

I 

28706 

3o6o5 

3 

26745 

32524 

3 

07464 

34465 

2 

^l 

% 

2 

28738 

tm 

3o637 

3 

26406 

32556 

3 

07160 
06857 

34498 
34530 

2 

3 

Itt 

30669 

3 

26067 

32588 

3 

2 

89600 

u 

4 

3.47216 
3.4683T 
3.46458 

30700 

3 

25729 
25392 

32621 

3 

06554 

34563 

2 

l^ll 

5 

28832 

30732 

3 

32653 

3 

06252 

34596 

2 

55 

6 

28864 

30764 

3 

32685 

3 

05950 
05649 

34628 

2 

88783 
885 11 

54 

I 

28895 

3.46080 

'^ts 

3 

24719 

32717 

3 

34661 

2 

53 

Zi 

3.45703 
3.45327 

3 

24383 

32749 

3 

05349 

34693 

2 

88240 

52 

9 

3o86o 

3 

24049 

32782 
32614 

3 

o5o49 

34726 

2 

87970 

5i 

10 

28990 

t%t 

30891 

3 

23714 
23381 

3 

04749 

34758 

2 

87700 

5o 

11 

29021 

30923 

3 

32846 

3 

o445o 

34791 

2 

87430 

% 

12 

2Q053 

3.44202 

30955 

3 

23048 

32878 

3 

041 52 

34824 

2 

87161 

i3 

29084 

3.43829 

30987 

3 

22715 
22384 

32911 

3 

03854 

34856 

2 

86892 

% 

14 

29116 

3.43456 

31019 

3 

32943 

3 

03556 

34889 

2 

86624 

i5 

29147 

3.43084 

3io5i 

3 

22053 

32975 

3 

o326o 

34922 

2 

86356 

45 

i6 

29179 

3.42713 
3.42343 

3io83 

3 

21722 

2l3o2 

21063 

33007 

3 

O2o63 
02667 

34954 

2 

86089 

44 

\l 

29210 

3iii5 

3 

33o4o 

3 

34987 

2 

85822 

43 

29242 

3.41973 
3.41004 

31147 
31176 

3 

33072 

3 

02372 

35019 

2 

85555 

42 

19 

29274 

3 

20734 

33 104 

3 

o]^l 

35o52 

2 

85289 
85023 

41 

20 

293o5 

3.41236 

3l210 

3 

20406 

33i36 

3 

35o85 

2 

40 

21 

2936? 

3.40869 

3 1242 

3 

20079 

33169 

3 

01480 

01196 

35117 

2 

84758 

'^ 

22 

3.40502 

31274 

3 
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33201 

3 
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2 

84494 

23 
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3i3o6 

3 

19426 

33233 

3 
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.35i83 

2 
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83965 

^Z 

24 

29432 

3.39771 
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3 
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18775 
18451 

33266 

3 

35216 

2 

25 

29463 

3.39406 

31370 

3 

33208 
33330 

3 

oo3io 
00026 

35248 

2 

83702 

35 

26 

29495 

3.3^679 

3 1402 

3 

3 

35281 

2 

83439 
83176 

34 

11 

29526 

3 1434 

3 

I8I27 

33363 

2 

99738 

35314 

2 

33 

29D58 

3.38317 

31466 

3 

17804 

33395 

2 

99447 
9^868 

35346 

2 

82914 
82653 

32 

29 

29590 

3.37955 
3.37594 

31498 
3i53o 

3 

17481 

33427 

2 

35379 

2 

3i 

3o 

29621 

3 

17159 

33460 

2 

35412 

2 

82391 

3o 

3i 

29653 

3.37234 
3.36875 

3i562 

3 

16838 

33492 

2 

98580 

35445 

2 

•82i3o 

?? 

32 

29685 

3i594 

3 

i65i7 

33524 

2 

•98292 

35477 

2 

.81870 

33 
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31626 

3 

16197 

33557 

2 

98004 
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2 
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U 

34 
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3.361 58 

3 1658 

3 

15877 
15558 

33589 

2 
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35543 

2 

.8i35o 

35 
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3.35800 

31690 

3 

33621 

2 
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35576 

2 
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25 

36 

3.35443 

31722 

3 

i524o 

33654 

2 

97144 

356o3 

2 

80833 

24 

ll 

29843 

3.35087 

31754 

3 

14922 
i46o5 

33686 

2 

96858 

35641 

2 

8oD74 

23 

29875 

3.34732 
3-34023 

31786 

3 

33718 

2 

96573 
.96288 

35674 

2 

8o3i6 

22 

39 

29906 

3i8i8 

3 

14288 

33751 

2 

35707 

2 

.80059 

21 

40 

29938 

3i85o 

3 

13972 

33783 
33616 

2 

96004 

35740 

2 

79802 

20 

41 

29970 

3.33670 

31882 

3 

13656 

2 

95721 

35772 

2 

79545 

42 

43 

3oooi 
3oo33 

3.33317 
3.3296^ 
3.32614 

31914 
31946 

3 
3 

i334i 
13027 
12713 

33848 
33881 

2 
2 

l^ll 

358o5 
35838 

2 
2 

;7928^ 
•7^78 

44 

3oo65 

31978 

3 

33913 

2 

•94872 

35871 

2 

45 

30097 

3.32264 

32010 

3 

12400 

33945 

2 

94590 

35904 

2 

•78523 

i5 

46 

30128 

3.31914 
3.3i565 

32042 

3 

12087 
11775 
11464 

33978 

2 

94028 

35937 

2 

•78269 

14 

ii 

3oi6o 

32074 

3 

34010 

2 

35969 

2 

•78014 

i3 

30192 

3.31216 

32106 

3 

34043 

2 

■93748 

36002 

2 

77761 
77507 

12 

49 

30224 

3.30868 

32139 

3 

iii53 

34075 

2 

•93468 

36o35 

2 

11 

5o 

30255 

3.3o52i 

32171 

3 

•10842 

34108 

2 

.93189 

36o68 

2 

77254 

10 

5i 

30287 

3.30174 

32203 

3 

io532 

34140 

2 

•92010 
92632 

36I0I 

2 
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% 

52 

3o3i9 

3.29829 
3.29483 

32235 

3 

•10223 

34173 

2 

36i34 

2 

53 

3o35i 
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3 

•09014 
.09606 
09298 
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2 

92354 

36167 

2 
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5 
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55 

3o382 
30414 

3.29139 
3.28796 
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3233i 
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3 

34238 
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2 

•92076 
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36232 
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T^ 

56 

30446 

32363 

3 

•06991 
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2 
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2 

75746 
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59 
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3.28109 

32396 

3 

08665 

34335 

2 
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3633 1 

•  36364 

2 

75496 

3 
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3 
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08073 
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2 
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■m 
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2 
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32492 

3.07768 
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/ 

2 

00 

21°          22° 

23° 

/ 

Tangeni. 

CoUnf. 

1  Tangent.  CoUng.  Tangent. 

Cotang. 

Tangent. 

Cotang. 

0 

^IVo 

2-74748 

38386 

2 '60509 
2 -60283 

4o4o3 

2-47509 

42447 

2-35583 

60 

I 

2 

74499 
74251 

38420 

40436 

2-47302 

42482 

2- 

35395 

a1 

2 

^463 

3 

38453 

2 -60057 

40470 

2-46888 

425i6 

2 
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3 

36496 

2 
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38487 

2.59831 

4o5o4 

42551 

2 

35oi5 

U 

4 

36529 

2 

IS 

38520 

2.59606 

40538 

2.46682 

42585 

2 

34825 

5 

36562 

2 

38553 

2.59381 

40572 

2.46476 

42619 

2 

34636 

55 

6 

36595 

2 

38587 

2-50156 
2-58932 

40606 

2-46270 
2-46065 

42654 

2 

34447 
34258 

54 

I 

36628 

2 

73017 

38620 

40640 

42688 

2 

53 

36661 

2 

72771 
72526 

38654 

2.58708 

40674 

2.45860 

42722 

2 

34069 

52 

9 

36694 

2 

38687 

2.58484 

40707 

2-45655 

42757 

2 

33881 

5i 

10 

36727 

2 

72281 

38721 

2.58261 

40741 

2-45451 

42791 
42826 

2 
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5o 

11 

36760 

2 

72o36 

38754 

2.58o38 

40775 
4084? 

2-45246 

2 

335o5 

it 

13 

36826 

2 

71792 
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38787 

2.57815 

2-45043 

42860 

2 

33317 

i3 

2 

38821 

2.57593 

2-44839 

42894 

2 

33i3o 

% 

i4 

36859 

2 

7i3o5 

38854 
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40877 

2-44636 

z^ 

2 

32943 

i5 

36892 

2 

71062 

38888 

4091 1 

2-44433 

2 

32756 

45 

i6 

36925 

2 

70819 

38921 

2.56928 

40945 

2-44230 

42998 

2 

32570 
32363 

44 

\l 

36958 

2 
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38955 

2.56707 

40970 
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2-44027 
2-43825 

43o32 

2 

43 

36991 

2 

38988 

2-56487 

43067 

2 

.32197 

42 

19 

37024 

2 

m 

39023 

2-56266 

41047 

2-43623 
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2 

.32012 
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oung. 

Tangent. 

Cotang. 

0 

62487  I< 

6oo33 

64941  X' 

11 

67451   I- 

4-^356 

70021 

I. 4281 5 

60 

I 

2 

62527  I 
62568  I 

^.l 

64982  1 
65023  I 

675^6  l' 

4Hi63 

tHi^70 

70064 
70107 

\tllt 

u 

3 

62608  I 

lull 

65o65  I 

67578  I. 

U 

7oi5i 

i*4255o 

u 

4 

62649  1 

65io6  I 

53595 

67620  1 • 

70238 

X -42462 

5 

62689  1 

5^17 

65i48  I 

53497 

67663  I. 

92 

X. 42374 
1.42266 

55 

6 

62780  1 

59414 

65189  I 

53400 

67705  I 

99 

70281 

54 

2 

62170  I 
62811   I 

59311 

65231  I 

53302 

67748  1 

07 

'J^i^A 

I '42198 

53 

59208 

65272  1 

53205 

t!,m  \ 

14 

70368 

X -421 10 

52 

9 

62852  I 

59105 

65314  I 

53107 

i22 

70412 

X -42022 

5i 

10 
XI 
12 

x3 

62892  1 
62933  1 
62973  I 
63oi4  1 

59002 
58900 

65355  I 

654??  I 
65480  I 

53oio 
52913 
.52816 

67875  I 
67917  1 

3o 
38 

70455 
70586 

X. 41934 
X. 41847 
X. 41759 
X. 41672 

I. 41 564 

5o 

it 

i4 

63o55  1 

58593 

65521  1 

68045  I 

161 

]^t 

i5 

63095  I 

58490 

65563  1 

52525 

68088  I 

,■  (70 

I. 41497 

45 

i6 

63i36  I 

58388 

65604*  I 

52429 

68i3o  1 

.iX 

70717 

X. 41409 

44 

\l 

63177  I 

58286 

65646  I 

52332 

68173  I 

70160 
70604 

I -41322 

43 

632i7  I 
63258  1 

58i84 

65688  I 

.52235 

68215  X 

.46595 

I. 41235 

42 

19 

58o83 

65729  1 

.52139 
.52043 
.51046 
.5i85o 

68258  1 

•46563 

70848 

I.4II48 

41 

20 
21 

63299  « 
63340  I 

57X76 

tUll  \ 

68301  r 
68343  I 

.46411 
•46320 

70935 

X .41061 

40 

22 

63380  I 

65854  I 

68386  I 

•46229 

71023 

23 

63421  1 

65896  I 
65938  I 

51754 
5i658 

68429  X 

.46137 
.46046 

X .40800 

U 

24 

63462  I 

57575 

6847X  I 

71066 

1.40714 
X. 40627 

25 

635o3  I 

57474 

65980  1 

5i562 

685i4  X 

.45o55 
.45864 

71110 

35 

26 

6354i  I 

57372 

66021  1 

5i466 

ffi  : 

71x54 

1.40540 

34 

U 

63584  I 

57271 

66o63  I 

5x370 

mi 

71198 

X. 40454 

33 

63625  I 

ig 

66io5  I 

51275 

68642  I 

71242 

X.40367 

32 

29 

63666  I 

66147  I 

51179 

68685  1 

45592 

71285 

X. 40281 

3i 

36 

63707  I 

66189  I 

5iod4 

68728  I 

.45501 

71329 

X. 40195 

3o 

3i 

32 

63748  I 

56868 

66230  I 
66272  I 

50988 
50893 

esVil   1 

45410 

45320 

71373 
71417 

x..^o!09 

X.:3Qo22 

li 

33 

66314  1 

50797 

68857  1 

.45229 

71461 

I.3g.v36 

11 

34 

63871  I 

66356  I 

50702 
50607 

e«900  I 

45i39 

7i5o5 

x..io^5o 

35 

63912  I 

56466 

66398  I 

68942  X 

45040 
.44956 
44868 

7I50? 

x.3u764 

25 

36 

63953  I 

56366 

66440  1 

5o5i2 

68985  I 

i.3v'.7o 

l..^.;T93 

24 

U 

64o?5  \ 

56265 

66482  I 

50417 

69028  I 

71637 

23 

56i65 

66524  I 

5o322 

69071  1 

mUs 

71681 

x.3ir3o7 

22 

39 

64076  1 

56o65 

66566  I 

50228 

69114  X 

71725 

1.37^21 

21 

46 
4i 

641 17  I 
641 58  1 

55I66 

66608  1 
66650  1 

5oi33 
5oo38 

69157  I 
69200  1 

.44598 
.44508 

71813 

i.:^9H36 
«..^l^'j5o 

20 

i5 

42 
43 

64199  I 
64240  I 

55766 
55666 

66692  I 
66734  I 

Ul 

69243  I 
69286  1 

44418 
.44329 

71857 
71901 

i.?..t65 

44 
45 

64281  I 
64322  I 

55567 
55467 

^11  \ 

69329  1 
69372  1 

44239 
44149 

71946 
71990 

i.3s,94 

i.iS;09 

46 

64363  I 

55368 

66860  I 

49566 

69416  X 

44060 

72034 

1.38824 

i4 

U 

64404  I 

55269 

66902  I 

49472 

69459  I 

ilm 

72078 

1.38738 

i3 

64446  I 

55170 

66944  I 

49264 

69502  X 

72122 

12 

49 

64487  I 
64528  I 

55071 

66986  I 

69545  I 

43792 

72166 

X. 38568 

II 

5o 

l?i 

67028  I 

49190 

69588  I 

43703 
436i4 

72211 

1.38484 

10 

5i 

64569  I 

67071  I 

69631   1 

72255 

1.38399 

t 

52 

64610  I 

'54Z75 

67113  I 

69675  I 

43525 

72299 

I.383I4 

53 

64652  1 

67155  I 

69718  I 

43436 

72344 

X. 38229 
I. 38145 

I 

54 

64603  I 
64734  I 

54576 

t!,l%  \ 

%  ; 

43347 
43256 

72388 

55 

54478 

48722 
.48629 

48536 

72432 

1.38060 

5 

56 

64775  I 

til  \ 

54379 

67282   I 

69847  I 

43169 

72477 

;:i?§^? 

4 

U 

.5428T 

67324   I 

%i 

43o8o 

72521 

3 

.54183 

67366   1 

.48442 

42992 

72565 

X. 37807 

2 

1 

tz^  \ 

:'.S 

67409   1 
67451   I 

.48349 
.48256 

69977  I 
70021  I 

42903 
42615 

72610 
72654 

1^37238 

X 

0 

/ 

Ootang.  T 

angent. 

Cotang.  T 

angent. 

Cotang.  T 

angent. 

Cotang. 

Tangent. 

/ 

610 

66° 

660 

640 

82 
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Tangent.  Cotang. 


9 

10 

II 

12 

i3 
U 
i5 

i6 

\l 

»9 

20 
21 
22 
23 
24 
25 
26 

II 
It 

3i 

32 

33 

34 
35 
36 

ll 
39 
40 
41 
42 
43 
44 
45 

46 

% 

5o 
5i 

52 

53 
54 
55 
56 

U 


72654 
72690 
72743 
72788 
72832 
72877 
72921 
72966 
73010 
73o55 
73100 
73144 
73189 
73234 
73278 
73323 

73368 
73413 
73457 
73502 
73547 
73592 
73637 
73681 
73726 
73771 
73616 
73861 
73906 
73951 
73996 

74041 
74086 
74i3i 
74176 
74221 
74267 
74312 
74357 
74402 
74447 
74492 
74538 
74583 
74628 
74674 

74719 
74764 
74010 
74855 
74900 
74946 

75082 
75128 
75173 
75219 
75264 
75310 

75355 


37638 
37554 
37470 
37366 
37302 
37218 
37134 
37o5o 
36967 
36883 
368oo 
36716 
36633 
36549 
36466 
36383 

363oo 
36217 
36i33 
36o5i 
35968 
35885 
35802 
35719 
35637 
35554 
35472 
35389 
35307 
35224 
35i42 

35o6o 
34978 
34896 
34814 
34732 
3465o 
34568 
34487 
34405 
34323 
34242 
34160 
34079 
33998 
33916 

33835 
33754 
33673 
33592 
335II 
3343o 
33349 
33268 
33187 
33107 
33026 
32946 
32865 
J2785 
32704 


81° 


Tangent.    Cotang, 


5355 
5401 
5447 
5492 
5538 
5584 
5629 
5675 
5721 

t^l 

5858 
5904 
5650 
5996 
604a 

6088 
6i34 
6180 
'6226 
6272 
63 18 
6364 
[6410 
6456 
65o2 
6548 
6594 
6640 
6686 
'6733 

tilt 

'6871 
6918 
6964 
7010 
7057 
7io3 
7*49 
7196 
7242 

733? 
'738a 
7428 

7475 
7521 
7568 
7615 
7661 
7708 
7754 
7801 
7848 
7895 
7941 

2o35 
8082 
8129 


Tangent.    Cotang. 


32704 
32624 
32544 
32464 
32384 
323o4 

32224 

32144 
32064 
31984 
31904 
31825 
31745 
3i666 
3i586 
3i5o7 

31427 
3i34d 
31269 
3 1 190 
3iiio 
3io3i 
3oo52 
30873 
30795 
30716 
30637 
3o55d 
30480 
3o4oi 
3o333 

3o344 
3oi66 
30087 
30009 

29853 

29096 
29618 
29541 
29463 
29385 
29307 
29229 
29152 

20074 
28997 
28919 
28842 
28764 
28687 
28610 
28533 
28456 
28379 

28302 

28225 
28148 
28071 
27994 


88° 


8129 
8175 
'8223 
8260 
'83 16 
8363 
8410 
8457 
85o4 
f855i 
8598 
f8645 


8786 
8834 

it 

8928 
8975 
19022 
9070 
[9117 
f9i64 
'9212 

;p^ 

9354 
19401 
19440 
9496 
19544 

9734 

9781 

^29 

9877 

9924 

7997a 

80020 

80067 

8oii5 
8oi63 
80211 
80258 

8o3o6 
8o354 
80402 
80450 
80498 
80546 
80594 
80642 


80738 
80786 
80834 
80882 
80930 
80978 


27994 
27017 
27841 
27764 
27688 
2761 1 
27535 
27458 
27382 
27306 
27230 
27153 
27077 
27001 
26925 
26849 

26^ 

36622 

26546 
26471 
26395 

26319 
26244 
26169 
26093 
26018 

25o43 
25867 
25792 

25717 

25642 
25567 
25492 
25417 
25343 
25268 
25193 
25ii8 
25o44 
24969 
24895 
24820 
24746 
24672 
24597 

24523 
24449 
24375 
243oi 
24227 
24 1 53 
2.i070 
24oo5 
23931 
23858 
23784 
23710 
23637 
23563 
23490 


Tangent.    Cotang. 


89« 


80978 
81027 
81075 
81123 
81171 
81220 
81268 
8i3i6 
8i364 
8i4i3 
81461 
8i5io 
81 558 
81606 
8i655 
81703 

81752 
81600 
81849 
81898 
81946 
81995 
82044 
82092 
82141 
82190 
82238 
82287 
82336 
82385 
82434 

82483 
82531 
8a58o 
82629 
82678 
82727 
82776 
82825 
82874 
82923 
82972 

83022 

83071 

83i2o 
83169 

83218 
83268 
83317 
83366 
834i5 
83465 
835i4 
83564 
836i3 
83662 
83712 
83761 
838ii 


1910 


23490 
23416 
23343 
23270 
23196 

23 1 23 

23o5o 
22977 
22904 

2283l 

22758 
22685 
22612 
22539 
22467 
22394 

22321 
22249 
22176 
22104 
2203l 

^:^ 

21814 
21742 
21670 
2159S 
2 1 526 
21454 
2 1 382 

2l3lO 
21238 

2II66 
21094 

21023 

2oo5i 

20879 
20808 
20736 
20665 
20593 

20522 

20451 
20379 
ao3o8 

20237 

20166 
20095 
20024 

19882 
I981I 
19740 
19669 

19590 
19528 
19457 

19246 

I9I75 


60 


55 
54 
53 

52 

5i 
5o 


U 

45 

44 
43 
42 
41 
40 


U 

35 
34 
33 

aa 
ai 

3o 


u 

25 

24 

23 
22 
21 
20 

\l 

u 

i5 

14 
i3 
12 
II 
10 

? 
I 

6 
4 
3 
a 

I 
0 


Cotang.    Tangent. 
68° 


CoUng.    Tangent. 
62° 


Cotang.    Tangent. 
61° 


Cotang.    Tangent. 
60° 
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/ 

40<^ 

41° 

42°     1 

48° 

/ 

Tangent. 

Tangent. 

Cotang. 

Tangent. 

CoUng. 

Tangent.  G 

otang. 

0 

83910 

1-19175 

86929 

l.l5o37 

90040 

1- 11061 

93>5»  .. 

07237 

60 

1 

83960 

i>l9io5 

86980 

I -14969 

90093 

1*10906 

^3o6  I. 

07174 

u 

2 

84009 

i*ioo3S 

87031 

I. 14902 
I -14834 

90146 

1-10901 

93360  I. 

0711a 

3 

84059 
84108 

1*18964 

8708a 

90109 
9025 1 

1-10067 

93415  I. 

07049 

u 

4 

I •18094 

87133 

1-14767 

1-10802 

93469  I 

06925 
06862 
06800 

5 

84i58 

1-18824 

87184 

9o3o4 

I. 10737 
1-10672 
1-10607 
1-10543 

935«  ' 

55 

6 

I 

84208 
84258 

1.18754 
1.18684 

87236 
8733? 

1-14632 
1-14565 

90357 
90410 

$^   ! 

54 
53 

84307 

1.18614 

1-14498 
i.i443o 

90463 

93688  1 

06738 
06676 

52 

9 

84357 

1-18544 

87389 

9o5i6 

1-10478 

93742  I 

5i 

10 

84407 

1-18474 

87441 

I. 14363 

90569 

1-10414 

^&     • 

o66i3 

5o 

II 

84457 

1-18404 

87492 

f. 14296 

90621 

1-10349 
1-10286 

0655 1 

^1 

13 

84507 
84556 

I -18334 

87543 

I -14229 

90674 

93906  I 

06489 

i3 

1-18264 

87595 

1-14162 

90727 

1*10220 

93961  1 

06427 
o636i 

% 

U 

84606 

1-18194 

87646 

1-14095 

^i 

i*ioi56 

94016  I 

i5 

84656 

1-18125 

87698 

I -14028 

1*10091 

94071  I 

.o63o3 

45 

i6 

84706 

1-1S055 

1?^? 

1-13961 
1.13894 

90887 

1-10027 

94125  I 

06241 

^ 

\l 

84756 
84806 

1-17986 

90940 

1*09963 

94180  1 

06179 

43 

mc 

87852 

1-13828 

90993 

1* 09899 

94235  I 

06117 
.o6o56 

4a 

19 

84856 

87904 

I- 13761 
1-13694 
1-13627 
i-i356i 

91046 

1*09804 

94290  I 

41 

20 

ai 

22 

84906 
84956 
856o6 

I -17777 

88059 

91206 

1*09770 

94345  1 
94400  I 
94455  1 

.o5o32 

.05870 

40 

23 

85o57 

1.17569 

88110 

1-13494 

9i3i3 

1-09578 

94510  1 

o58o9 

u 

24 

85107 

1-17500 

88162 

I  - 13428 

1-09514 

94565  1 

^05^8? 

25 

85i57 

1-17430 

88214 

i.i336i 

9i366 

1-09450 

94620  I 

35 

26 

85207 

1-17361 

88265 

1-13295 

91419 
91473 

1-09386 

94676  I 
9473 I  1 

.05624 

34 

u 

85257 

1-17292 

88317 

1-13228 

1-09322 

.05562 

33 

85307 
85356 

1-17223 

88369 

i-i3i62 

91526 

1*09258 

X  \ 

.o55oi 

3a 

29 

1-17154 

88421 

I -13096 

91680 

1*09105 
i*09i3i 

.05439 
.05378 

3i 

3o 

85408 

I- 17085 

88473 

I  *  1 3029 

91633 

94896  I 

3o 

3i 

32 

85458 
85509 

1-17016 

88524 
88576 

1-12807 

91687 
91740 

1*09067 
i.o?o4o 

94952  1 
95007  I 

.05317 
-05254 

^ 

33 

85559 

88628 

I  12831 

9i»47 

95062   I 

.05194 
.o5i33 

ll 

34 

85609 

I -16809 

88680 

1-12J65 

95118  1 

35 

85660 

1-16741 
1-16672 

88732 

91901 

!^o88l3 

95173  I 

.05072 

25 

36 

85710 

88784 
88836 

91955 

;:» 

95229  1 

.o5oio 

24 

ll 

85761 
858ii 

1-16603 

I '12567 

92008 

95284  1 

•» 

23 

1-16535 

88888 

I-I250I 

92062 

1-08622 

95340  1 

22 

39 

.85862 

1-16466 

88940 

I -12435 

92116 

1-08559 

l^',  \ 

04827 
04766 

21 

40 

85912 

1-16398 

88992 

1-12369 

i.i23o3 

92170 

1.08406 

20 

4i 

85963 

1 • 16329 

89045 

92223 

1*08402 

95506  I 

04705 

:? 

42 

86014 

1  - 16261 

89097 

1-12238 

IIW. 

1-08369 

i.o83o6 

95562  1 

.04644 

43 

86064 

1-16192 

«9i49 

1-12172 

95618  1 

04583 

\i 

44 

86ii5 

I -16124 

89201 

1-12106 

92385 

1-08243 

95673  I 

04522 

45 

86166 

i.i6o56 

89253 

1-12041 

92439 

1-08179 

95729  1 

.04461 

i5 

46 

86316 

I -15987 

89306 

1-11975 

92493 

I -08116 

93952  1 

04401 

14 

ii 

863i2 

;:;??j? 

89358 
89410 

VX 

92547 
92601 

i.o8o53 
1. 07990 

04340 
04279 
04218 

i3 
12 

49 

86368 

I -15783 

89463 

1-11778 

92655 

1-07864 

11 

5o 

86419 

I.i57i5 

89515 

1-11713 
1*11648 

92817 

96008   I 

04158 

10 

5i 

86470 

1-15647 

89567 

1-07801 

96064  1 

o4o36 

t 

52 

86521 

1-15579 

89620 

1*11582 

1-07076 

96120  I 

53 

86572 

i.i55ii 

89672 

I.ii5i7 

92872 

96176   I 
96232  I 

03976 

I 

54 

86623 

1.15443 

89725 

1-11452 

92926 

1-07613 

03015 
03855 

55 

86674 

1-15375 

^ 

I -11387 

92980 

1*07550 

96288  1 

5 

56 

^^'^ 

i.i53o8 

1-11321 

93o34 

1.07487 
1.07425 

96344  I 

03704 
03734 
03674 
o36i3 

86878 

1 -15240 

89883 

I-1I256 

93088 

96400  1 

1-15172 
i.i5io4 

89935 
89988 

1-11191 
1-11126 

93143 

1-07362 
1*07299 

1*07237 

^tl  \ 

6o 

86929 

i.i5o37 

90040 

1-11061 

96569  1 

03553 

/ 

Cotang. 

TangeDt. 

Cotang. 

Tangwt. 

Cotaag. 

Tangent. 

Cotang.  1  T 

angant. 

/ 

4 

90 

4 

8° 

4 

70 

46° 
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44° 

440 

/ 

TangMit. 

/                 / 

TwagnL 

CoUmf. 

/ 

0 

I 

P 

1.03553 
1-03493 
|. 03433 

60 

3i 

32 

98327 
98384 

1 .01703 
1.01643 

li 

2 

96681 

33 

98441 

|.oi583 

u 

35 

3 
4 

96738 

1.03372 
i.o33n 

u 

li 

$^ 

|.oi534 
t. 01465 

5 

1-03252 

55 

36 

98613 

I* 01406 

34 

6 

I 

2^ 

I   03102 

I '03132 

li 

39 

98671 
98728 

I .01347 

I. 01388 

33 
32 

97020 

1 .03072 

5a 

S 

1.01229 

21 

9 

vs 

i.o3oia 

5i 

40 

I.OII70 

30 

10 

1-02952 

5o 

41 

98901 

I.0III3 

\t 

II 

97180 
97246 

1.02802 

1? 

4a 

^8 

1.01053 

12 

I. 028 J 2 

43 

99016 

1.00904 

\l 

i3 

97302 

1.0277a 

47 

44 

99073 
99i3i 

99189 

I .00935 

14 
i5 

9735q 
97416 

I. 02713 
1.02653 

t 

45 
46 

I. 00818 

i5 
14 

i6 

97472 

1.02593 
I. 02533 
1-02474 

44 

49 

99247 

1.00759 

i3 

]l 

l]p 

43 

42 

99304 
99362 

I. 00701 
1-O0643 

13 
II 

19 

97643 

I -02414 

41 

5o 

99420 

|. 00583 

10 

20 
21 
22 

9770Q 
97813 

1-02355 
1-02295 

1-02236 

40 

It 

5i 
5a 
53 

|.oo525 
1.00467 
1  00408 

8 
2 

23 

97870 

1-02176 

U 

54 

i.oo35o 

24 

97927 

1-02117 

55 

99710 

1-00291 
1.00233 

1.00175 

5 

25 
26 

97984 
98041 

1-02057 
I -01879 

35 
34 

56 

U 

59 

^fe 

4 
3 

11 

98% 

33 

32 

99884 
99942 

|. 00116 
t.ooo58 

3 

29 

98213 

1.01820 

3i 

60 

Unit. 

Unit. 

0 

3o 

98270 

I  01761 

3o 

/ 

Cotan;. 

T«ig»t. 

/ 

/ 

Gotutg. 

T»ig«it. 

/ 

450 

46«> 

•       • 

TABLE  OF  OONSTi 

^TS. 

Base  of  Napier^s  system  of  logarithms  ^ 

.....J 

=  a.718281828459 
—  0.434294481903 

Mod.  of  oommon  syst.  of  loganthms  =  . . . .  com 

.  log.  .  =  M 

Ratio  of  circumference  to  diameter  of  a  circle  = 

....n 

r  =  3.141592653590 

log.. 

r  =  0.497149872694 

ir»  =  9.869604401089.... 

Vi 

r=  1.772453850906 

Arc  of  same  length  as  radiuB= 180°  h 

h  »  =  10800' 

J-  ir  —  648000"  +  » 

1800  +  «  =  570. 2957795130, 

log 

. =:  1. 7581 22632409 

10800' +  »=  3437'.  7467707849, 

log 

.  =  3.536273882793 

648000"  4- »  =  206264"- 8062470964, 

log 

.  =  5.3i4425i33i76 

Tropical  year  =  365d.  5h.  48m.  47s.  .588  =  365d 

.  .242217456 

,  log.  =  2.5625810 

Sidereal  year  =  365d.  6h.   9m.  los.  .742  =  365(3 

I.  .25637433a 

,  log.  =  2.5625978 

24h.  sol.  t.=a4h.  3m.  56s.  .  555335  sid.  t.=24h.  X 1  • 

00273791,  lOf 

f.  1.003=0.0011874 

24h.sid.t.=24h.  -(3m. 55s.. 90944) sol.  t.=24h.  Xc 

.9972696,101 

J.  0997-9.9988126 

British  imperiiil  gallon  =  277.274  cubic  inches,. 

..log.  =  3.4429091 

Length  of  sec.  pend.,  in  inches,  at  London,  3( 

9.13939;  Paris,  39.1285;  New| 

York,  39.1285. 

1 

French  metre  =  3.3808992  £ng1inh/M^  =  39.3707 

904i»c^. 

1 

I  cubic  inch  of  water  (bar.  3o  inches,  Fahr.  then 

n.  6ao)  =  a5a*458  Troy  gnuns.  1 

3'  ^'^ 


0,  6/(i 


